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FOREWORD 


This  report  documents  the  effort  to  couple  computational  fluid  dynamics  (CFD)  and 
experimental  ground  testing  more  closely.  The  effort  is  comprised  of  rapid  prototyping 
manufacturing  techniques,  CFD,  experimental  ground  testing,  a  multitude  of  diagnostic 
measurement  techniques,  and  computer  software  designed  as  interface  tools. 

Experiments  were  conducted  in  both  the  Air  Force  Research  Laboratory  (AFRL)  Subsonic 
Aerodynamic  Research  Laboratory  (SARL)  and  the  Air  Force  Institute  of  Technology’s  (AFIT) 

3  by  3  wind  tunnel;  both  tunnels  are  located  at  Wright-Patterson  Air  Force  Base,  Ohio. 

This  report  contains  descriptions  of  the  rapid  prototyping  techniques,  experimental  operations, 
and  computational  analyses.  The  purpose  of  the  report  is  to  document  pertinent  information 
about  this  effort.  The  information  provides  planners  with  guidelines  for  similar  efforts  that  may 
be  required  in  the  future.  For  more  details,  the  reader  is  directed  to  review  the  papers  and 
journals  listed  in  the  bibliography  section. 

After  the  performance  of  the  two  experimental  ground  tests,  methods  to  properly  integrate 
experimental  testing  methodologies  and  computational  simulations  seamlessly  were  developed  in 
the  forms  of  the  Virtual  Diagnostics  Interface  (ViDI)  and  OMS  software.  These  systems  are  the 
culmination  of  the  unified  approach  to  testing  and  data  visualization/analysis. 
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1.  INTRODUCTION 


To  characterize  and  improve  upon  aircraft  designs  in  an  expedient  and  efficient  manner,  it  is 
imperative  to  generate  approaches  for  rapidly  assessing  new  aircraft  designs.  Recent 
technological  advancements  have  enabled  faster  and  more  accurate  assessment  in  three  specific 
areas:  CFD  modeling,  Rapid  Prototyping  (RP),  and  experimental  global  measurements.  The  Air 
Force  Research  Laboratory  Air  Vehicles  Directorate  (AFRL/RB)  initiated  a  joint 
computational/experimental  ground  testing  program  to  investigate  and  analyze  the  flow  field  of 
the  Unmanned  Combat  Air  Vehicle  (UCAV)  X45-A  as  well  as  a  Strike  Tanker  configuration. 
The  test  program  used  various  rapid  prototyping  manufacturing  technologies  to  fabricate  models 
for  ground  testing;  implemented  innovative,  non-intrusive  measurement  techniques;  and 
compared  CFD  results  with  experimental  data  acquired  from  ground  tests. 
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2.  Rapid  Prototyping 


Rapid  Prototyping  (RP)  is  a  robust,  accurate,  and  affordable  method  to  support  aerospace 
research  and  development.  RP  serves  as  the  link  between  CFD  simulations  and  experimental 
ground  testing  correlations.  Current  manufacturing  techniques  used  for  manufacturing  metal 
wind  tunnel  models  are  slow  and  costly.  Reliance  on  these  traditional  methods  creates  a  delay  in 
validating  the  analytical  model's  predicted  results  with  results  from  testing  the  physical  model. 

RP  may  prove  to  be  the  fastest  means  to  create  a  bridge  between  these  CFD  and  experimental 
ground  testing  databases. 

In  the  past,  it  took  months  to  manufacture  models  for  ground  testing.  With  the  seamless  merging 
of  computational  models  and  recent  innovations  in  RP  technologies,  inexpensive  models  can  be 
fabricated  literally  overnight  and  tests  performed  immediately  thereafter.  Rapid  fabrication 
results  in  a  faster  and  better  response  to  the  designer's  needs  by  permitting  concurrent  study  of 
new  concepts  in  the  wind  tunnel  and  via  computer  simulation.  Testing  of  RP  models  early  in  the 
design  cycle  serves  as  a  vital  verification  of  system  performance.  Should  the  testing  indicate  a 
need  for  design  changes,  the  changes  can  be  made  early  in  the  design  cycle  where  the  cost  and 
schedule  impacts  are  less  severe. 

While  current  RP  manufacturing  processes  include  stereo  lithography,  selective  laser  sintering, 
laser  engineered  net-shaping,  and  fused  deposition  modeling,  among  many  others,  two 
techniques  were  implemented  under  the  direction  of  the  Air  Force  Research  Laboratory  Air 
Vehicles  Directorate:  stereo  lithography  (SLA)  and  selective  laser  sintering  (SLS). 

SLA  is  a  layered  manufacturing  method  that  utilizes  a  photo-curable  liquid  resin  in  combination 
with  an  ultraviolet  laser.  A  vat  of  the  resin  sits  underneath  the  laser,  and  the  laser  "draws"  on  the 
top  layer  of  liquid.  When  the  ultraviolet  laser  beam  hits  the  liquid  it  hardens  a  small  amount  of 
the  resin  under  the  beam  point.  By  drawing  and  then  filling  the  outline  of  a  layer,  a  solid  layer  of 
material  is  created.  This  layer  is  then  lowered  a  small  amount  into  the  vat,  a  new  layer  of  liquid 
is  placed  on  top,  and  the  process  repeats  itself.  By  creating  one  flat  layer  at  a  time,  a  very  precise 
geometry  can  be  created,  resulting  in  a  complete  part.  Due  to  its  accuracy  and  surface  finish,  it 
has  become  the  most  popular  of  the  rapid  prototyping  methods. 

SLS  is  a  layered  manufacturing  method  that  creates  solid,  three-dimensional  (3-D)  objects  by 
fusing  powdered  materials  with  a  CO2  laser.  A  thin  layer  of  powder  material  is  laid  down  and  the 
laser  draws  on  the  layer,  sintering  together  the  particles  hit  by  the  laser.  The  layer  is  then  lowered 
a  small  amount  and  a  new  layer  of  powder  is  place  on  top.  This  process  is  repeated  one  layer  at  a 
time  until  the  part  is  complete.  Subsequent  to  this  process,  the  part  is  sintered,  which  fuses  the 
powder  particles  together,  and  finally  the  part  is  infiltrated  with  another  metal  to  fill  the  voids 
between  the  particles  and  form  a  fully  dense  high  strength  part. 

SLA  is  generally  used  to  make  inexpensive,  plastic  parts  having  relatively  modest  mechanical 
properties.  In  contrast,  SLS  is  a  more  expensive  process  but  can  generate  metallic  parts  with 
mechanical  properties  comparable  to  steel.  Also,  SLS  parts  can  be  machined,  drilled,  and 
polished  just  like  traditional  metals. 
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The  basic  philosophy  is  to  use  RP  technologies  to  quickly  and  inexpensively  build  parts  that 
define  the  outer  mold  line  of  the  model.  Models  built  entirely  with  these  materials  are  generally 
not  stiff  enough  or  strong  enough  to  withstand  the  loads  in  a  wind  tunnel  test.  For  the  UCAV  X- 
45A  model,  a  quarter-inch-thick  steel  plate  was  used  to  support  the  model.  The  plastic  parts  were 
then  fabricated  using  a  process  called  SLA.  The  entire  computer  model  can  be  seen  in  Figure  1. 


Figure  1 :  Exploded  View  of  UCAV  X45-A  Built  with  SLA  Method 

The  model  is  roughly  3  feet  long  with  a  span  of  4  feet  and  has  three  pairs  of  deflecting  control 
surfaces  on  the  trailing  edge.  Models  built  entirely  with  these  materials  are  generally  not  stiff 
enough  or  strong  enough  to  withstand  the  loads  in  a  wind  tunnel  test.  The  SLA  parts  were 
manufactured  using  Accugen  100  resin.  This  material  has  a  tensile  strength  of  9.7  ksi  and  a 
modulus  of  elasticity  of  440  ksi.  The  maximum  deflection  at  the  wing  tip  is  about  0.35  inch,  as 
can  be  seen  in  the  deflection  contours  shown  in  Figure  2.  The  completed  model,  as  mounted  in 
the  Subsonic  Aerodynamic  Research  Laboratory  (SARL)  is  shown  in  Figure  3.  Various  testing 
has  been  performed  on  this  model  at  Mach  numbers  of  0.2  and  0.4  through  the  angle  of  attack 
range  of  -4  to  24  degrees. 
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Figure  2:  Finite  Element  Analysis  for  UCAV  X45-A  Wing  Deflection 


Figure  3:  Finished  SLA-built  UCAV  X45-A  Mounted  in  SARL 


With  some  understanding  of  rapid  prototyping  manufacturing  technologies  the  further 
investigations  were  performed  to  demonstrate  the  advantages  of  rapid  prototyping  in  the  early 
development  of  AFRL  technology  demonstrators. 

An  airframer  provided  the  University  of  Dayton  Research  Institute  with  detailed  electronic 
model  information  to  fully  define  the  external  Strike  Tanker  geometry.  Efforts  began  for  the 
design  of  the  model  to  address  the  factors  of  mounting,  instrumentation,  and  rapid  prototype 
fabrication  material  and  technique. 
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Having  addressed  the  mounting  and  instrumentation  issues,  the  final  aspect  of  the  wind  tunnel 
model  design  effort  was  the  selection  of  a  particular  rapid  prototyping  technique.  Given  the 
extremely  thin  wing  cross  sections  in  the  current  design  there  was  concern  that  the  wings  might 
fail  or  deflect  excessively  during  testing,  so  an  analysis  was  performed  to  estimate  the  wind 
deflection  at  Mach  0.2  with  a  20  degree  angle  of  attack  for  both  SLA  and  SLS  model 
configurations.  Deflection  results  from  the  SLS  model  are  indicated  in  Figure  4.  Maximum  wing 
tip  deflections  for  the  SLA  and  SLS  model  configurations  were  0.25  and  0.004  inch, 
respectively.  With  this  information,  a  decision  was  made  to  use  SLS  for  the  application  to 
demonstrate  the  technology  and  generate  experience  for  future  applications. 


Figure  4:  Finite  Element  Analysis  for  Strike  Tanker  Wing  Deflection 

Current  generation  SLS  equipment  limits  the  maximum  part  size  to  approximately  a  10  by  10  by 
10  inch  volume,  so  the  wind  tunnel  model  had  to  be  fabricated  in  several  pieces  and  then 
assembled.  Ultimately,  the  model  was  broken  into  six  pieces:  forward  and  aft  fuselage,  left  and 
right  wings,  and  left  and  right  tail  fins  as  depicted  in  Figure  5. 


Figure  5:  Exploded  View  of  Strike  Tanker  Built  by  SLS  Method 
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As  depicted  in  Figure  6,  the  assembled  wind  tunnel  model  was  delivered  and  successfully 
mounted  in  the  AFIT  low  speed  wind  tunnel  where  testing  of  the  aircraft  configuration  has 
occurred. 


Figure  6:  Finished  SLS-built  Strike  Tanker  Mounted  in  AFIT  Wind  Tunnel 

This  project  has  demonstrated  that  non-metallic  prototypes  can  be  used  successfully  as  wind 
tunnel  models  with  some  careful  design.  Each  wind  tunnel  environment  imposes  a  set  of 
performance  requirements  that  must  be  defined  before  choosing  the  RP  process.  Selection  of  the 
appropriate  material  for  the  design  constraints  is  crucial  and  the  aircraft  CAD  model  may  have  to 
be  adjusted  to  accommodate  the  RP  process. 
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3.  UCAV  X45-A 


The  John  Hopkins  University  Applied  Physics  Laboratory  (JHU/APL),  under  contract  to 
AFRL  designed,  analyzed,  and  fabricated  a  low  cost  wind  tunnel  model  of  the  UCAV  X45-A. 
Multiple  configurations  of  the  model  were  tested  with  varying  inboard,  mid-board,  and  outboard 
elevator  angles  (-20,  0,  and  +20  degrees)  at  Mach  numbers  of  0.2  and  0.4.  Although  angle  of 
attack  sweeps  from  -4  to  24  degrees  were  performed,  the  majority  of  the  data  acquisition 
occurred  at  the  angles  of  12  and  20  degrees  as  a  result  of  aerodynamic  interest. 


3.1  Experimental  Ground  Test  Facility 

The  UCAV  X45-A  model  was  installed  in  the  SARL.  The  SARL,  as  schematically  shown  in 
Figure  7,  was  built  to  provide  research  for  complex  flow  configuration  vehicles  in  the  subsonic 
regime  to  researchers  within  the  Air  Force  and  DoD  organizations.  The  SARL  is  an  open-circuit, 
atmospheric  subsonic  wind  tunnel  with  a  test  section  dimension  of  10  by  7  and  15  feet.  The 
facility  is  capable  of  operating  at  the  Mach  number  range  of  0.15  to  0.6. 


Figure  7:  Schematic  Drawings  (Top,  Right,  and  Front)  of  SARL 
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3.2  Global  Measurement  Techniques 


Three  major  global  diagnostic  techniques:  Pressure  Sensitive  Paint  (PSP),  Projection  Moire 
Interferometry  (PMI),  and  Planar  Doppler  Velocimetry  (PDV),  were  implemented  during  a 
seven-week  test.  In  addition,  a  software  system  called  Virtual  Diagnostics  Interface  (ViDI), 
consisting  of  an  interactive,  3D  environment  of  the  SARL  facility,  has  been  developed  to  enable 
both  the  pre-test  optimization  and  planning  of  the  instrumentation  deployment,  and  the 
comparative  evaluation  of  global  surface  pressure  distributions  (PSP)  and  model  deformation 
(PMI).  The  last  portion  of  the  test  included  state-of-the-art  skin  friction  measurement  technique 
(SFS3). 

3.2.1  Pressure  Sensitive  Paint  (PSP) 

PSP  is  an  optical  diagnostic  capable  of  recovering  global  surface  pressure  distributions  on  test 
models.  PSP  is  a  surface  coating  that  utilizes  luminescence  to  measure  static  pressure  on  the 
surface.  The  technique  exploits  oxygen-sensitive  luminescent  molecules  that  are  dispersed  in 
polymer  binders  or  paints.  In  wind  tunnel  applications,  the  PSP  is  applied  to  the  model  by 
conventional  paint  spraying  techniques.  The  cured  paint  is  illuminated  with  a  short  wavelength 
(<530  nm)  source,  and  the  surface  image  is  observed  through  a  long-pass  (>550  nm)  optical 
filter.  Light  sources  such  as  blue  LED  arrays  are  mounted  external  to  the  test  section  to 
illuminate  the  painted  model  and  effect  luminescence  emission  from  the  entrapped  oxygen- 
sensitive  molecules.  PSP  emission  occurs  in  the  orange  region  of  the  visible  spectrum  (-650 
nm),  the  intensity  of  which  is  inversely  proportional  to  pressure  such  that  brighter  regions  in  the 
paint  emission  indicate  lower  pressure  relative  to  the  darker  areas.  Typically,  the  image  is 
acquired  with  a  digital  camera  to  enhance  the  measurement  sensitivity  and  accuracy  and  is 
processed  with  false  color  for  clarity.  Scientific-grade  CCD  cameras  with  spectral  band-pass 
filters  to  discriminate  between  the  excitation  (blue)  and  emission  (orange)  signals,  capture  the 
intensity  image  of  the  PSP-coated  model  surface,  providing  a  means  to  recover  global  surface 
pressure  distributions  on  test  articles  of  interest.  A  very  high  resolution,  two-dimensional  map  of 
the  air  pressure  can  be  achieved  with  this  technology.  The  application  of  the  Pressure  Sensitive 
Paint  technology  is  divided  into  two  separate  methods;  Intensity-based  and  Lifetime-based,  each 
depicted  in  Figure  8,  respectively.  Figure  9  shows  a  side-by-side  comparison  of  the  two  PSP 
concepts  as  performed  on  the  same  UCAV  X45-A  configuration. 

3. 2. 1.1  Intensity-based  method 

PSP  images  acquired  either  prior  or  immediately  following  tunnel  operation  (wind  off)  are 
ratioed  with  images  acquired  during  tunnel  operation  (wind  on).  This  “intensity  method”  requires 
the  acquisition  of  associated  wind  off  images  at  each  model  position,  attitude  and  configuration 
to  allow  ratioing  with  the  corresponding  wind-on  image. 

3. 2. 1.2  Lifetime-based  method 

In  the  time-resolved,  lifetime-based  method,  excitation  of  the  PSP  is  accomplished  using  the 
same  light  sources  as  the  intensity-based  method.  Following  excitation  of  the  PSP,  the  excited 
state  luminescence  decay  is  collected  using  a  fast-framing  camera.  Typically,  the  decay  is 
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approximated  using  two  images  at  different  decay  times  following  the  pulsed  excitation  and 
integrating  photons  for  fixed  periods  of  time  that  have  been  predetermined  to  maximize  pressure 
sensitivity.  The  first  image  usually  consists  of  a  short  gate  width  and  is  collected  either  during  or 
shortly  after  it  ends.  This  can  be  thought  of  as  the  reference  image  because  the  excited-state 
decay  has  the  least  pressure  sensitivity.  The  second  image  is  taken  at  a  later  time  after  the 
excitation  pulse  and  usually  has  a  longer  gate  width,  ensuring  maximum  pressure  and 
temperature  sensitivity. 


Figure  8:  Cartoon  Depictions  of  the  Concepts  of  PSP 


Figure  9:  Side-by-side  Comparison  of  Intensity-based  and  Lifetime-based  PSP 
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3.2.2  Projection  Moire  Interferometry  (PMI) 

PMI  is  a  video-based,  noncontacting  measurement  technique  capable  of  obtaining  spatially 
continuous  measurements  of  out-of-plane  structural  deformations,  as  depicted  in  Figure  10.  The 
technique  is  well  suited  to  measuring  the  deformation  of  aeroelastic  vehicle  components  or 
aerodynamic  control  surfaces.  PMI  provides  a  full-field  measurement  of  the  actual  wind-on 
model  geometry,  facilitating  the  refinement  of  baseline  CFD  grids  to  match  the  wind-on  model 
shape.  Figure  1 1  shows  a  side-by-side  comparison  of  the  earlier  performed  Finite  Element 
analysis  and  the  Projection  PMI  visualization  for  the  UCAV  X45-A. 


Shape  profile,  mm 


Raw  PMI  data  image 
showing  projected 
grid  lines 


Moire  fringes  generated  by 
interfering  raw  PMI  data 
with  a  computationally 
generated  reference  grid 


PMI-measured  airfoil 
shape  data  obtained  by 
processing  moire  fringe 
images 


Figure  10:  Depiction  of  the  PMI  concept 


Figure  1 1 :  Side-by-side  Comparison  of  Finite  Element  Analysis  and  PMI 
3.2.3  Planar  Doppler  Velocimetry  (PDV) 

PDV  is  a  velocity  measurement  technique  capable  of  recovering  planar  three-component  velocity 
data,  as  observed  in  Figure  12.  The  method  relies  on  a  direct  measurement  of  the  frequency- 
shifted  light  scattered  by  moving  particles  suspended  in  the  flow  under  investigation  (i.e., 
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Doppler  effect).  Since  the  frequency  shift  is  many  orders  of  magnitude  smaller  than  the 
frequency  of  the  illuminating  light  itself,  a  molecular  filter  serves  as  a  ffequency-to-intensity 
converter.  Negative  velocity  causes  negative  Doppler  shift  and  increased  transmission  through 
the  molecular  filter,  whereas  positive  velocity  causes  positive  Doppler  shift  and  decreased 
transmission  through  the  molecular  filter. 


Figure  12:  PDV  measurement  technology  concept 


3.2.4  Skin-Friction  Shear  Stress  Sensor  (SFS3) 

Skin  friction  balances  (direct  sensors)  are  based  on  a  floating  element.  Direct  sensors  measure 
the  integrated  force  produced  by  the  wall  shear-stress  on  a  flush-mounted,  moveable,  floating 
element.  The  size  of  the  floating  element  dictates  the  sensitivity  required  of  the  measuring 
system,  which  may  be  passive  (displacement)  or  active  (force-feedback).  The  principle  of  the 
measurement  is  based  on  the  transformation  of  tangential  tension  into  the  deformation  of  a  thin 
film.  A  magneto-resistive  transducer,  as  seen  in  Figure  13,  for  point  measurements,  was  tested  in 
both  the  Innovative  Scientific  Solutions,  Inc.’s  low  speed  wind  tunnel  at  10  to  40  meters  per 
second  flow  velocity,  and  the  Air  Force  Research  Laboratory’s  Subsonic  Aerodynamic  Research 
Laboratory  at  30  to  140  meters  per  second  flow  velocity. 
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Figure  13:  Magneto-resistive  transducer  and  its  placement  in  the  UCAV  X45-A. 

3.3  Computational  Fluid  Dynamics  (CFD) 

Initially,  a  grid  and  subsequent  solutions  were  generated  to  provide  needed  information  for  the 
fabrication  and  stress  analysis  of  the  UCAV  X45-A  model.  Three-dimensional  Euler  solutions 
were  obtained  using  AVUS,  an  Euler/Navier-Stokes  code  developed  in  the  Computational 
Sciences  Branch  Air  Vehicles  Directorate.  AVUS  is  an  unstructured,  cell-centered,  finite- 
volume,  Godunov-type  solver  that  uses  least-squares  gradient  reconstruction  and  limiting  for 
second-order  spatial  accuracy  and  second-order  point-implicit  time  integration.  It  handles  two 
and  three  dimensions,  arbitrary  cell  types,  and  has  been  efficiently  parallelized  using  Message 
Passing  Interface  (MPI). 

In  an  effort  to  compare  similar  scenarios  and  resulting  conditions  the  initial  grid  was  modified  to 
encompass  not  only  the  aircraft  configuration  but  also  the  wind  tunnel  walls  and  sting/mount 
device  at  the  various  pitching  angles  chosen  for  the  experimental  test.  The  intent  of  the  revised 
grid  is  to  better  emulate  the  wind  tunnel  experiment.  The  domain  boundaries  relating  to  the  wind 
tunnel  walls  were  modeled  as  no-slip,  inviscid  surfaces  while  the  inflow/outflow  boundaries 
were  modeled  using  the  Riemann  invariant  freestream  condition. 

Euler  simulations  for  quasi-steady-state  conditions  were  acquired  for  Mach  0.2  and  20  degrees 
angle  of  attack  to  compare  with  the  PDV  measurements,  Figure  14.  However,  realizing  that 
viscous  effects  would  be  an  issue,  especially  in  the  region  of  the  nose-generated  vortex  and  the 
vortex  at  the  wing/body  juncture,  grids  were  reconstructed  to  develop  a  viscous  grid  layer.  The 
revised  grid  consisted  of  14,546,389  cells  and  was  used  by  the  AVUS  solver  under  full  Navier- 
Stokes  viscous  capability.  Figure  15  shows  a  few  example  visualizations  of  the  simulations  for 
various  elevator  angle  settings  for  Mach  0.2  and  20  degrees  angle  of  attack  conditions. 

Each  computational  case  was  performed  using  the  two-equation  Wilcox  (1998)  k-w  turbulence 
model.  Computational  damping  factors  of  advection  and  diffusion  were  0.15  and  0.1, 
respectively.  AVUS  was  operated  in  double  precision  with  spatial  discretization  set  for  second- 
order  accuracy  and  temporal  discretization  set  for  first-order  accuracy. 
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Figure  14:  Visualization  of  Flowfield  about  UCAV  X45-A  (Euler  Simulation) 


Figure  15:  CFD  Flowfield  Visualizations  for  UCAV  X45-A,  Three  Elevator  Settings 
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3.4  Joining  of  Experiments  and  CFD 


The  seven  week  test  of  the  rapid  prototyped  IJCAV  X-45A  wind  tunnel  model  within  the 
Subsonic  Aerodynamic  Research  Laboratory  allowed  the  Air  Vehicles  Directorate  (AFRL/RB) 
to  establish  its  process  for  the  integration  of  CFD  and  experimental  ground  testing.  AFRL/RB 
demonstrated  the  ability  to  assess  the  aerodynamics  of  an  advanced  configuration  through  the 
use  of  technology  assessment  tools  such  as  CFD,  experimental  ground  testing,  and  global 
diagnostic  measurement  techniques.  Future  efforts  will  focus  on  the  automation  and  refinement 
of  the  global  diagnostic  measurement  techniques  as  well  as  the  development  of  software  for  the 
ease  of  geometry  and  grid  manipulation. 

CFD  results  provide  a  database  of  global  surface  and  off-body  measurements.  It  is  imperative 
that  the  data  supplied  by  experimental  ground  testing  also  provide  such  global  measurements.  It 
is  one  thing  to  perform  experimental  ground  testing  and  compare  it  to  computational  simulations; 
it  is  another  thing  to  integrate  the  two  elements.  Within  one-half  hour  after  the  acquisition  of  the 
experimental  data,  the  data  was  processed  and  recorded  side-by-side  with  the  computational 
results.  The  goal  of  the  integration  was  for  each  separate  program  to  provide  their  strengths  to 
better  each  other.  The  CFD  analyses  could  be  used  to  develop  the  test  matrix  and  direct  the  test 
whereas  the  experimental  ground  test  may  be  used  to  validate  the  CFD  results.  Eventually,  once 
confidence  in  the  CFD  code  is  established,  the  CFD  could  be  used  to  extend  the  knowledge 
database  for  a  given  aircraft  configuration  beyond  the  ground  test  envelope  and  into  the  flight 
regime.  Working  in  tandem,  in  an  integrated  fashion,  these  two  technology  assessment  tools  can 
be  quite  powerful. 

The  following  images,  shown  in  Figure  16,  are  comparisons  between  the  computational 
simulations  and  the  Pressure  Sensitive  Paint  measurements.  Even  though  only  a  Euler  solver  for 
CFD  was  used,  the  comparison  is  within  10  percent. 


Figure  16:  Side-by-side  Comparison  of  CFD  and  PSP 


14 


During  testing  the  positions  of  the  cameras  and  the  verification  of  the  flowfield  physics  as 
analyzed  by  PDV  were  validated  through  the  use  of  CFD  analysis.  Figure  17  shows,  in  sequence, 
the  raw  image  obtained  during  PDV  testing;  the  CFD  analysis  for  the  same  viewing  angle  of  the 
flowfield;  and  the  finished  PDV  image  relating  velocity  vectors. 


Figure  17:  Using  CFD  to  Validate  PDV  Camera  Position  for  Testing 

Initial  testing  within  the  SARL  at  the  30  to  140  meters  per  second  conditions  proved  destructive 
to  the  polymer  suspending  the  floating  element  used  to  make  the  skin  friction  measurements. 
After  readjusting  the  polymer  the  experiments  were  performed  again.  Visualizations  of  skin 
friction  as  predicted  by  CFD  are  shown  in  Figure  18. 


Fretfstream  M;k1i  Number 

O  Reynold’s  Number/ft  =  6.9  x  105 
©  Reynold’s  Number/ft  =  1.35  x  106 


CFD  visualization  of  skin  friction  CFD  visualization  of  skin  friction 

coefficient  at  Mach  0. 1  coefficient  at  Mach  0.2 


Figure  18:  Visualization  of  the  Coefficient  of  Skin  Friction  as  Predicted  by  CFD 
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4.  STRIKE  TANKER 


4.1  Experimental  Ground  Test  Facility 

The  tunnel  is  of  Eiffel-type,  with  a  closed  test  section.  The  intake  plenum  has  dimensions  of  122 
by  1 1 1  by  70  inch,  and  is  fitted  with  a  one-quarter-inch  aluminum  honeycomb  flow-straightener 
and  four  20  by  20  inch  steel  mesh  anti-turbulence  screens.  The  converging  section  has  a 
contraction  ratio  of  9.5:1.  The  length  from  the  end  of  the  last  anti-turbulence  screen  to  the 
beginning  of  the  test  section  is  95.5  inch.  The  test  section  is  31  by  44  by  72  inch  and  is  composed 
of  Plexiglas  side  walls  and  a  Plexiglas  upper  wall.  The  model  support  sting  enters  the  tunnel 
through  a  slot  at  the  bottom  of  the  test  section.  It  can  traverse  angles  of  attack  from  -25  to  +25 
degree,  and  is  supported  by  a  turntable,  enabling  sideslip  angles  from  -20  to  +20  degree.  The 
tunnel  is  shown  in  schematic  in  Figure  19. 


Figure  19:  AFIT’s  Low  Speed  Wind  Tunnel 

The  force  and  moment  data  were  collected  with  an  Able  Corporation  Series  Di  MKII  nominal 
100  pound- force,  six-component  internal  strain  gauge  balance,  accurate  to  0.25  percent  of  full 
capacity. 

The  model  is  shown  mounted  on  the  balance,  supported  by  the  sting  in  the  wind  tunnel  in  Figure 
20.  The  model  wing  span,  b,  was  20  inches,  which  led  to  a  ratio  of  the  span  to  wind  tunnel  width 
of  0.49. 


16 


Figure:  20:  Model  Configuration  Mounted  in  AFIT  Low  Speed  Wind  Tunnel. 

4.2  Diagnostic  Measurement  Techniques 

4.2.1  Pressure  Sensitive  Paint  (PSP)  -  intensity  based 

PSP  was  utilized  in  the  current  study.  Pressure  maps  of  the  upper  surface  of  the  strike  tanker 
were  collected  using  PSP.  The  PSP  setup  in  this  experimental  study  utilized  a  Bi-Luminophore 
PSP  from  Innovative  Scientific  Solutions  Inc.  (ISSI).  Notably,  no  base  coat  was  applied  to  the 
model  for  the  series  of  tests  described  here,  though  future  testing  may  incorporate  a  base  coat  in 
order  to  reduce  noise  in  the  PSP  signal.  This  paint  was  chosen  due  to  its  low  temperature 
sensitivity  and  its  ability  to  provide  compensation  for  the  model  displacement  relative  to  the 
excitation  light  source,  as  well  as  the  instability  of  the  light  source  itself.  The  Bi-Luminophore 
PSP  is  very  similar  to  Uni-FI  B,  a  single  layer  paint  composed  of  PtTFPP  that  uses  a  FIB  binder; 
however,  it  uses  a  reference  probe  in  addition  to  the  signal  probe.  The  bi-luminophore  paint 
exhibits  a  pressure  sensitivity  of  6%  psig  and  a  response  time  of  0.3  s  and  its  emission  spectrum 
ranges  from  500  nm  to  800  nm  with  a  peak  at  650  nm  with  460  nm  illumination  at  20  0  C.  The 
light  sources  used  to  illuminate  the  model  for  the  strike  tanker  test  condition  were  in  the  form  of 
an  array  of  four  2-inch  blue  LED  light  sources  emitting  at  a  wavelength  of  405  nm.  A  matrix  of 
more  than  30  marker  points  was  utilized  to  account  for  the  spatial  deformation  of  the  model 
during  the  data  processing. 

The  intensity  images  of  the  PSP  during  testing  were  captured  using  one  of  two  lenses  mounted  to 
a  14-bit  Cooke  PCO  Series  1600  CCD  camera  linked  up  with  ISSI’s  image  acquisition  software, 
OMS  Acquire.  The  Bi-Luminophore  paint  requires  that  two  images  be  taken  at  each  test 
condition.  The  use  of  a  filter  wheel  is  therefore  necessary  to  capture  two  separate  images  under 
the  same  illumination  conditions  separated  in  time.  The  filter  wheel  used  contained  a  645-nm 
long  pass  filter  for  the  signal  probe  and  a  550  ±  40-nm  band-pass  filter  for  the  reference  probe.  In 
addition  to  all  of  the  PSP  equipment  used  for  the  last  set  of  experimental  tests,  all  of  the 
previously  discussed  wind  tunnel  equipment  including  the  force  and  moment  balance  and 
pressure  tap  system  was  used.  The  pressure  at  each  tap  was  collected  using  Endevco  5  psig 
pressure  transducers. 

For  each  measurement,  the  analysis  began  with  the  reference  image  that  was  acquired  at  ambient 
pressures,  also  known  as  a  wind-off  image.  In  addition,  a  dark,  or  background,  image  was 
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acquired  with  the  lighting  system  turned  off  to  account  for  any  variations  in  background  room 
light.  The  two  categories  of  “wind  on”  images  (one  for  each  fdter)  collected  during  for  test  were 
processed  with  reference  to  the  dark  image  and  the  wind-off  image  using  ISSI’s  OMS  Lite 
Version  1.0  software  in  order  to  obtain  surface  pressure  plots.  The  images  were  aligned  using  the 
marker  points  within  the  images,  and  the  resulting  pressure  maps  were  fdtered  and  smoothed 
using  a  Gaussian  fdter  with  the  maximum  half  width  of  the  filter  set  to  10  pixels  in  each  of  the 
two  axes. 

4.2.2  Temperature  Sensitive  Paint  (TSP) 

Evaluation  of  several  binary  paint  systems  developed  specifically  for  two-gate  lifetime 
approaches  (mentioned  previously)  indicate  that  Py2/UniFIB  and  RuBpy/UniFIB  are  good 
candidates  for  temperature  compensated  pressure  measurements.  Both  binary  paints  reduce  the 
temperature  sensitivity  of  Innovative  Scientific  Solutions,  Inc’s  UniFIB  pressure  paint  from 
0.5%  per  degree  Celcius  to  less  than  0.1%  per  degree  Celcius.  Because  the  RuBpy/UniFIB 
binary  is  a  one-layer  system,  it  was  chosen  for  low-speed  PSP  demonstration  tests  on  the  Strike 
Tanker  model.  Initial  results  from  the  Strike  Tanker  indicated  that  even  though  the 
RuBpy/UniFIB  is  a  single-layer  paint  the  reference  and  pressure  probes  are  distributed  non- 
uniformly  necessitating  the  need  for  a  wind-off  measurement.  Close  agreement  was  obtained  in 
the  low-speed  tests  between  PSP  and  pressure  tap  data. 

4.3  CFD 

CFD  analyses  were  performed  to  determine  the  pressure  distribution  over  the  wing  surface.  The 
three-dimensional  solutions  were  obtained  with  a  full  Navier-Stokes  code  implementing  the 
Spalart-Allmaras  turbulence  model.  The  CFD  code  is  an  unstructured,  cell-centered,  finite 
volume,  Godunov-type  solver  that  has  least-squares  gradient  reconstruction  and  limiting  for 
second-order  spatial  accuracy  and  first-order,  point  implicit  time  interpretation.  The  grid 
consisted  of  501,300  cells:  372,472  tetrahedral  and  128,828  prisms  to  acquire  viscous  boundary 
layer  effects. 

4.4  Comparison  of  Experiments  and  CFD 

CFD  results  are  compared  to  the  PSP  measurements  in  Figure  21.  The  plots  of  surface 
pressure  based  on  the  CFD  simulation  employing  the  Spalart-Allmaras  turbulence  model  showed 
a  similar  trend  as  the  angle  of  attack  was  increased  from  8  degrees  to  14  degrees.  The  low 
pressure  region  near  the  leading  edge  of  the  wing  diminished  as  a  broader  low  pressure  region 
near  the  wing  body  junction  grows.  It  should  be  noted  that  the  mesh  spacing  near  the  surface  of 
the  CFD  model  was  on  the  order  of  10  microns. 
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Figure  21 :  Comparison  of  CFD  and  PSP  Results  for  Varied  Angle  of  Attack 
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APPENDIX  A 


Virtual  Diagnostic  Interface  (ViDI) 

The  virtual  diagnostics  interface  (ViDI)  is  a  software  ensemble  that  provides  unified  data 
handling  and  interactive  3D  displays  for  pretest  planning,  real  time  data  visualization  and  post 
test  analysis  to  enable:  1)  test  planning  and  optimization  remotely  with  no  facility  impact,  2) 
comparative  evaluation  of  experimental  and  computational  data  sets  of  disparate  file  formats  for 
code  optimization  and  validation,  and  3)  the  establishment  of  a  central  hub  to  source,  store  and 
retrieve  experimental  results  and  display  them  in  near-real  time  to  enable  characterization  of  the 
impact  of  technologies  on  the  vehicle  aerodynamics,  structures,  controls,  and  integration 
components  to  achieve  a  true  rapid  technology  assessment  capability. 

Appendix  A  is  the  tutorial  generated  to  introduce  a  new  user  to  tasks  needing  to  be  performed  to 
prepare  geometry  for  visualization,  to  plan  out  optical  instrumentation,  and  to  visualize  data.  The 
authors  of  this  tutorial  are  Richard  Schwartz  and  Gary  Fleming  of  the  Advanced  Sensing  and 
Optical  Measurement  Branch,  NASA/Langley  Research  Center. 
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In  I  reduction 


The  V inn :il  l)ifl£n»scic  Interface,  or  ViD]  is  designed  around  3D  Studio  Max  by 
Aulufhsk.  acomncnail  ilirce  dimensional  computer  modeling  ami  uciiii  emeu  imigniif. 
for  ibe  PC  platform,  Vil>|  takes  thus  application  and  expands  ns  capabilities  in  many 
wayiwitfi  cuslom  prognuiiming  using  MaxScript,  j  fully  iitiplcnrcmtcd  programmiii.L1 
language  embedded  within  the  pnxluei,  and  Visual  Basie  Version  h,  a  Microsoft 
programming  language. 

ITn;  three  diinenskirial  graphics  capabilities  of  ViDI  can  he  roughly  divided  into  ifireu: 
areas; 

a  Ptt-test  planning 

b.  Real-time  data  visualization 

c.  Post  ie$i  date  visualization 

To  lake  ndvaiHugc  of  any  one  of  these  areas,  users  must  be  familiar  with  3D  Studio  \1u*. 
This  Euioriul  will  concentrate  on  how  3D  Studio  Max  is  used  in  conjunction  with  i lie 
visualization  issues  Ihul  V  il.>f  attempts  Lli  address.  Tfas  ilU-.ivi.iI  is  just  £t  Siattbre  point 
There  is  much  detail  ill  at  is  left  mil.  which  al  this  point  would  lend  to  overwhelm  the  new 
user,  vt  Lih  time  and  experience,  nitre  and  more  of  die  capabilities  of  ifac  software  will 
come  ink)  play  m  creating  ever  more  complt*  imd  realistic  simulation  The  user  will 
Mml  numerous  Opportunities  le  apply  (he  ca liabilities  of  VilH  loa  wide  array  of 
problems. 

About  this  Tutorial 

J  hLS  iutoii.il  is  ituMiii  to  introduce  a  new  user  lo  tasks  coiriitiiwlv  needing  in  be  done  to 
prepare  geometry  nf  vixuali/hlion.  lo  plan  out  optica!  jnstrumeniuiidn.  nnd  lo  visualize 
daw.  There  also  is  U  scefh  III  nil  I  .iveVicw  1  It.  .ill  application  of  ViDl  for  rcal-limc  data 
visualization  in  i he  virtual  environment.  It  is  expected  ihnl  ihc  u&cr  will  have  had  smne 
experience  with  3D  Studio  IMn*  prior  lo  guing  through  this  male  rial  i  sue Ii  ,i>  die  iirst 
several  tutorials  included  witli  3D  Studio  Max)  and  has  been  exposed  10  some  computer 
programming. 
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Topic  1,  Basic  Modeling  Skills 
Goab 

Use  basic  n Kidding  Skills  <o  create  a  fighter  aircraft  model  from  provided  blueprints. 
While  most  Vi  PI  ia>b  will  involve  importing  models  from  other  CAD  sources,  skills 
presented  here  can  be  undid  in  modeling  sling  adapter*  or  specialized  hardwum  rhal  may 
not  exist  as  a  three-dimensiotul  computer  model. 

Seenurio: 

A  customer  itias  lajoenred  a comprehensive  series  of  ie.ms  on  ,i  lighter  configurelion  in  the 
■SAUL  wind  tunnel.  The  customer  is  using  an  older  model  for  (his  tesl.  and  does  run  have 
a  3D  CAD  Rif  available.  Based  on.  die  original  blueprints,  a  3D  model  will  have  ro  be 
built,  A  special  sting  adapter  h  also  required,  with  drawings  provided  hy  the  customer 

You  will  he  provided  sviih  a  three-dimensional  computer  model  of  the  SAUL  wind 
tunnel. 

Creating  a  lighter  model  IVimi  biiii'piinth 

I  he  customer  has  provided  drawings  of  the  model  10  he  tested.  The  configuration  is 
Straight  forward  with  the  exception  of  the  nose  cone  anil  cockpit.  Flaps  will  have  to  he 
modeled  as  separate  objects  and  linked  untie  model  Ultimate!},  a  Max  Script  program 
will  be  written  in  allow  rhe  user  to  adjust  Lhe  flap  settings  using  u  custom  user  interface  in 
Hi  Studio  Max.  Note  that  q  new  tail  w  ill  be  used,  which  »  not  shown  in  die  Jr.iw  im- 
hdow. 


hgurc  0.  E .  Blueprint  of  the  model 
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Htc  lifter  will  he  broken  up  mlo  (he  following  pans,  as  shown  in  die  image  below. 


1'ijruru  0.2.  Model  Purrn  Hre.ikup 


'Ilf  fuselage.  nose  and  canopy  will  be  created  first  A  wing  and  a  flap  will  Mien  he 
modeled.  I  be  oilier  «mp  and  I  lap  will  he  copied  and  mirrored.  I  be  same  procedure  will 
apply  lo  the  tail  By  going  through  this  modeling  process,  you  will  become  t'aniiliiir  with 
rfiu  mammy  of  modeling!  tools  used  with  ViDI  applieiHinns  »f  tn  Sim  I  in  Mu 

Siep  l:  hi-scluBv 

riie  fuselage  consists  of  u  iiriiu  hi  hotly  with  a  ccmstuni  cross  see  I  tun  The  best  way  to 
crease  this,  shape  is  to  draw  a  21 J  spline  shape  for  (he  Cress  secium.  and  ihert  form  i(  inlu  a 
3D  shape  with  die  cisUude  modifier. 

La  l  fsc  ihe  Slatiun  I  d  ennss-seelhm  jls  ynpf. guide.  Draw  a  21  >  spline  reetungle  of 
dii  [tensions  2.4  *  2.R  inches  with  a  comer  radius  of  0.3d  inches.  In  lhe  l-ronl  View,  the 
rccliingle  should  he  taller  Ltuui  wide. 
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:  Jiijg 


Figure  L.I.I.  Station  14  cross  section 

IK  Gu  m  the  Modify  screen  and  select  F.dir  Spline  form  the  lisl  ol  Modifiers.  Noix 
select  Insert,  and  plant;  a  vertex  on  the  lop  segjne  n  t  in  (he  center.  Move  the  vertex  up 
appKixiirwtdy^J  inches  Repeat  the  procedure  for  the  bottom  '-ogmcnL  Click  Insert 
again  to  lum  o-ff  the  mode 

I  l'  I  he  final  sicp  In  shaping  the  luscbge  cross  section  is  in  adjust  the  cuivuiure  or  the 
Lop  and  bcllom  segments  we  just  sealed,  Underlie  Edit  Spline,  select  Yeiies.  Now  nil 
vertices  appear  as  small  musses.  Click  on  die:  top  earner  veriest,  ihc  left-click  to  tiring  up 
the  quad  menu.  Select  Itojerjntl  move  the  control  handle  to  lYinii  a  smooth.  symmetric 
curve.  Then  do  the  same  for  The  top  end  vertices,  except  set  them  ro  smooth,  Repeal  for 
i  he  boltoni  segment,  kenamv;  the  shape  Fusdap. 


figure  1 .  1 ,2.  Fuselage  cmss-scclion 

3  d.  Make  a  Clone  Copy  of  Hie  shape  to  use  for  die  nose  cone,  ami  move  it  to  the  side  for 
l he  moEtwnl.  Rename  the  shape  Nose. 

le  Select  the  first  cross-section  shape,  and  pn  to  Modify  Extrude  Set  ihe  amnutu  tu 
10.425  E itches,  .md  I  segment.  to  create  the  fuselage,  with  Cap  Start  and  Cap  End  lurried 
on. 
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Figure  1.1.3  Complete  Step  I  Fuselage  and  nose  cane  cross  Medion 

“tttj)  2-  NtHit  I.VIIC 

The  nose  cuik  is  furimed  liy  lakms  (.he  cross  section  developed  tor  the  fuselage  and 
luting  n  into  three  dimensions  by  doing  a  Ion,  it  is  easier  to  control  the  curved  tapering 
of  (hit  nose  using  the  graphic  scale  editor,  as  will  he  shown  below 

2a.  In  i hi*  Tup  viewport,  draw  i  line  iCraitclSh^esMine)  that  is  1 1  inches  long  [Juice 
ClvatetL  select  lliis  tine,  '[‘he  line  will  act  us  the  path  aloftg  which  the  nose  cone  will  he 
lofted  into  llnec  dimensions,, 

2h  Go  the  kruiciGcomdryVCaim^mnd  Objects.  With  the  line  selected,  click  on  Loft, 
and  lire'll  Ciei  Path,  and  (hen  click  imi  tin:  line  again.  This  sets  the  line  its  the  paih  in  Turin 
a  shape  along, 

2c.  Click  the  ( Set  Shapt1  tuition,  -aid  tlien  click  on  the  cross  Seeliim  of  the  nose  cone.  A 
solid  block  of  constant  cross  section  will  be  created,  along  the  Path  Line.  For  some  ieas<ui. 
in  Studio  Man  will  crchtc  the  object  perpendicular  to  the  line  With  the  new  nose  done 
Hi iek  selected,  go  to  the  Select  and  Rotate  tool  and  left  click  on  il  A  Rotate  ["ramforrli 
Type-In  bos  will  appear.  Type  in  90  under  I  he  Offset  World  Xr  entry.  Now  the  nose 
will  he  aligned  with  the  fuselage  Rename  LoftOl  to  Nosecnnc. 

2d  Select  Noscctfct.  Goto  Modify  Under  the  Defqnria.tinnv  rollout, click  on  ihc  Scale 
haltiin.  A  graphical  interlace  appear*.  Go  to  the  left  most  node  ami  move  it  down  to  zero 
i  left  side  rukr)  'Hi  Is  will  create  a  straight  taper  Now  use  the  Instil  Corner  Point  loo  I  id 
place  a  new  mute  ai  the  40  mark  ncip  rulur  i  |  *fi  dick  on  Hus  new  node  and  change  it  to 
a  Bezier- Smooth.  Now  ;idjtist  the  Bezier  control  points  to  create  a  smooth  curve.  This 
will  form  a  smooth,  curving  taper  for  the  nose  cone. 
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-^■1  HI' 11  H""’  ^  ~ 


bigur?  12.1.  Scale  deformilioii  graphical  imcrfaee  and  the  nc^wltmg  effect  on  ihe  lofted 


object. 


2o.  Use  die  Align  tool  hj  gci  :tn  c*yu  alignment  between  the  ngse  cone  and  ilie  fusdnge. 
.'i  Group  ihc  fusdage  and  nose  cone  together,  Call  ike  group  ftivdage  nocatiopy. 


Hgurt  1.2,2.  <  jdmpletftl  geometry  from  steps  ]  and  2. 


Step  X  Cockpit 

Itic  cockpit  canopy  is  Lhc  most  tLifCi-cijli  shape  v*c  will  lacklc.  Most  of  it  will  be  dune  by 
eye,  manipulating  the  geometry  of  a  basic  sphere  into  the  dimpled,  swoopy  shape 
depicted  in  the  blueprints. 
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U.  Ill  liic  kll  Ykls p. t L  L'icitc  ip]  US*  v.  Mil  a  J_LS  ijiL li  mdfellsi 

.111.  IJlIlIl  |Jk  kvter  fiall  I  I  Ik  i-.plieiv  l>y  y ■  ■  1 1 1 _u  Ui  Muilik'.hiLiC  .Mesh.  SlLvI  Wrtui 
I  ■  mil1.  I  liu  Sl*Ii!i:I  nh|m  l  !■  ^ !  I.  frtflPCt  Hit'  vljiHh"  ■  >K  Ilf  Imoiir  hall  (if  (be  sphere.  Once 
It InNod.  jwets  lhu  I  Jelele  I  uy  i  m  ilw  fcu^hunn I  You  sEknlld  nnw  h:ivp  h  il  I'  ;i  sphere 


3c.  Usinc  ;he  Selccl  and  Uniform  Seale  tool,  squish  down  the  sphere  inio  in  ellipiftid 
aipe  h>  ■t'ldinj!  jlcuig  the  vertical  dixis  unU  Ruble  yoru  view  mid  scale  duvio  die 
cuiupy  in  llie  Lauanl  dirtiui-n  You  should  non  have  u  ^nuineirkoi  haJf-dJi|>HiMt  l>i'  Nil 


hi.udre  3  I.  1 1.  If  Kpliere  ili.n  hub  been  heated  down  in  I'.votiinh:  lE-miis- 


W  ThL  rin jI  vliaf-ir'ic  of  iht  Cfinopy  v  ill  tv  dilAt  +  irk  die  J-l  h  3*3  Modifier  u  ill<  die 
arii'i'y  seleulal,  lIkki:-.l  Nil  I 'I'll  .1*3  ini'iLilkc.  ALiIIill  ill’s)  |  >  i  e  1 3 1 v.  ill  Minoiniil  llir 
earii'pv  Cliiili  nn  IIil  plus  >10.11  uiiiIlt  Ihe  I  Ilf  1111  hIi  Mur  in  ill?  ■stncL  ami  sc  livl 
[  'nn|n>l  l'nnih  Now  yn  in  rlsu  l.iiktw,  ami  nMiiipuLilL- 1  lu,’  mnitnil  pmnK  ki  160  lilt  final 
slufpnn  ijf  Ihe  camipy.  Tliit  is  vhtt  JOBT  artistic  tyt  will  help.  Kbr  Mir  |W^pMe5^  the 
einn  shiipt*  i*noi  criieil,  Nn  i|  cnnvim  ingf;-  Hkc  Itie  blocprinl  drawing 

when  CQtnpJrte 


3e.  M01 e  ihe  l  .iiie^y  cmw  ihe  iWLiut  Ymi  wDI  huve  10  mine  1  lie  eaiiuf y  d  iy’hi  ly 
tju'Up  Ulelti  loi 


l:lgmv  I  l3-  f’cmpleled  cufiepy  placed  nu  (Ik  fustlngi; 
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Sll'P  4.  IVingsi ;  mil  ]-~bu|Ps 

The  wing  w  il  I  Ik  c  kei  ailed  fmin  i  lie  p  Limbi  mu  Si  nee  (here  h  ik>  nil  t'uil  mli.iru  mu  km.  n 
aimpk-  iJLjtiL-.mil  [ifiiem  v.  il  1 1 v  cisim. !  |(m-  ilif  wing  The  flap  wi  II  hd  tnraiotl  by  ii  Boplean 
•  ■pL-r-.l  ■■  h:.  Ill  tthn.li  .1  l'.i:i|il  il.  m.^i'  r.mli  ull  I’il  i-ILj|.».-  Ii-  mil:.,  v,  hi-  u  |l.|i  ■  m- 
WaHi:.  i.lvn  uvpy  am  i  ruTT^r  ir  far  |hc  nfhff  side 

Vlqi  -la  IJsiiijt  IN'  Wiwpnitls,  iiclemiJIfc  live  Jl»  an  ir  ilm.itL",  !<»  I  he  wilty.  I  Or  Vuli  .-.h 
i.-  |u;n  iinM  use  the  lahle  May .) 


T iihle  4  1  Winy,  pl.mli  tiii  1  Li  t i  n  mil  n;tu  -  i  hj|  ihc  ncpnlivc  munkra  ±s<  l«i 


X 

y 

n.onn 

0.U130 

aooo 

■1MM 

Omi 

-I3.BIS 

7.S75 

-13.40(1 

7.H7S 

-□.300 

Jiltfip.  -Hu  Use  Hie  Ti>p  V  ies .  LMiy  iIil  CireakLShnfuisX.Splinc^  Jnc  (nol.  ewer  Uil-  Lim-  i 
ihni  ilcfmc  (hr  winy  Use  ?lw  joeyboartl  eiuty  m  cuIlt  Lhe  points.  After  ihe  cli_.il  pint, 
click  i  in  Cfaw  1U  Jh.lki'  -j  deM.il  fault  i  wallkiul  tkiu,  yuti  v,  i'I  r,v|  nr  ah|  f  |m  exli  uik  I  in. 

skips*  I 


E-ikiiis:  I  4  |  Wnty  plitnk.¥ai  tup  uL-tt- 
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Step  4c.  Extrude  the  wing 

Select  the  ■* Li ll-.  plan  form  -shape.  Go  to  Modily  \  Extrude,  and  sol  ihe  Extrude  loO  25 
Indus,  with  2  segEtienis.  Tlic  wing  is  now  a  solid  .ID  object . 

Step4d.  Cm  in  a  righi  view,  wireframe  mode,  am]  ^witi  in  to  theeJgc  nf  the  win£, 

Select  the  wing,  and  go  ModitViEtfit  Mesh.  Seleci  vertex  mode.  and  using  the  Object 
>deci  tool  select  and  move  ihe  top  and  bolLcmi  vertices  to  create  a  (juasi  diarmunl  airfoil 
'impe  tor  Hie  wing.  Move  the  imiling  edge  vertices  so  they  overlap  each  other  and  form  a 
sharp  rry i liny  edge  shape. 


Hgtoe  1.4.2.  Wing,  extruded  with  Venice*  adjusted  to  form  a  diamond  like  .lirfoi] 

Step  'td.  Using  the  blueprints  (or  cheating  by  using  the  table  below),  ikicrmine  the 
dinketlSiortsnf  the  flap.  Create  Ihe  flap  as  you  created  the  wine,  hui  c.anulc  the  fljip  into 
t  segment  that  in  I  Inch  thick  (his  will  be  our  template  for  the  Hap.  Itcnuim:  object  Flap 
Template. 


Table  4.1  X-Y  coon 

l  nates  for  the  flap 

X 

Y 

O.tKKI 

(1.000 

2.900 

0,500 

29 

1.000 

0,0 

1,633 

Step  4e.  Use  the  Tape  Tool  to  help  alien  the  flap  on  (he  wing.  Go  to 
Crcale',HclpeMTape.  atid  that  click  on  Specify  Length  Typt  in  0  h2l  I  Now  click  by  the 
wrtig  root  milling  edge,  and  create  tlie  tape.  Position  the  flap  as  shown  in  Figure  4,3 
below.  Note  For  ihe  boolean  operation  we  will  perform  in  a  few  steps,  it  is  important 
lhal  the  trail  Lug  edge  (it  the  flap  is  slightly  aft  (if  the  wing  trail  ling  edge.  Move  the  flap 
template  down  slightly  so  it  fully  biltfsccts  the  wing,  j*  shown  m  hgurc  4.4. 
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Fig  mil  1.4.1.  Flap  Ic  I  upline  positioned  with  JLrsjlt*C[  U>  I  lie  WlQf.  Nulc  tile  hliglil 
extension  ol  the  Hap  beyond  the  wing  trailing  edge..  This  will  be  important  tor  the 

1 1  owing  Hoolean  operation, 


Figure  1 .4.-1  Flap  template  and  wing  properly  aligned  with  respect  in  each  other. 


Step  41’.  Select  llie  wing  and  die  ll.ip  tempi  tile  and  make  it  copy  of  them.  Move  the  copy 
all  ia  the  side  This  copy  will  he  used  ta  create  the  actual  flap  geometry.  The  original 
will  be  used  to  form  ihe  wing  wilh  the  flap  CulOUl. 

Step  4g.  Select  ilte  original  wing,  tin  ihe  rwaieKknmdryW’LjiiipoiimJ  ObjtxLs\Boolean 
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Si-Illi  lJiuk  CipeiMivI  R  and  did  cm  lhc  Dap  rcmgilnre-  The  lenipliiic  should  ilhappe-ir,  u 
wiJ!l  clki-  M3.Q\  Elk  urn  chi  A  die  win  j  jiJ  nil-  flap  [ctiyi-lufe.  II  thi:i  dm:  -  nut  ocai: ,  ji  iidtc 
sun:  lln:  Suhliiklinn  ■  A-Bj  is  .wfcued 

Slep  -1h  Mil'. '.L  m  Use  L'<ify  ul  Ihu  Wing  and  Ihu  I  Lip  ICIiipLutt.  Select  the  wiliu  aguill  uiid 
r  lick  i  in  1 U  •  iVnm  I  hen  IHi/l  (  l^v  rural  H  :irel  I  lie  (E;ip  tru  iplulr  Yew  s\  il  I  jvl  Mil  sunie 
resell  ns  in  Slep-lg.  Ncmv  go  In  she  f^eral  inn,  oral  click  un  Inlerw^kai  Thi*  will  tense 
llv  *  hell  »vih»n  whek'  ihe  U'liiphnc  *liKh  is  our  properly  nmlmiiwl  flnf  Rcnnmc 

ihfcobjrn  wing  flop.  nm)  iho'yc  h  mlo  Ihu  npenmp  left  in  the  origin  j|  Il-np  Also  chanpc 
ik  «dar  «f  die  flap  if  Li  is  the  saui  v  u=.  Lhe  wLng  l  dur 


li.'urv  I.ip.S  I'liiripk'lL'd  ss  iii.  l'lixjucLiv  wilh  fl^p. 


Step  5,  Figuring  iln-  fLip  for  iicplo>nn-fi1 

Eu  under  lo  properly  deploy  Lk  flap.  lhc  gwraeliy  mum.  roU$e  aboui  ihe  llup  knrimg 
edge  along  mi  as-is  aligned  wilh  ih:u  surface.  This-  is  done  hy  adjuslinc  the  object's  pivot 
|uiIdL 

Su-f i  s j.  Sduc  i  i‘il  ITj|  i.  Now  ji  n  u .  niu  h  lenuuhy  <ah.  and  cl  nil  on  lhe  Affec  l  Kslh  (  Ail  v 
In  I’M  I'll  is  >s  ill  .Muss  us  lii  iiilwl  Iil-lliii  .:i  i'l  rs:l.ilk:-i  l?I  Mil'  flap.  An  us  is  sssIliii  k  :ll 
iqifiLur  in  Mil  Jl'LsuIl  l  l'iiIl  i  i'l"  rola[*.Hi  kiLalinli.  Click  I  ;>  Center  Ui  1  )bjeCL  jutf  hi  get 

started 

Mop  ftv  U sing  the  Select  wuJ  Muvt  tool. move  lhc  «is  10  the  lendiDg edputf'the  riup 
llhen  selcd  ihc  Select  iiml  Komtelocil,  and  ml  ale  Ihecoordmale  system  so  lhe  X  axis  is 
j  undid  la  the  IcjiIitil  edge  of  die  flap. 

Sk'p  jf,  I'Ll  lIllvL.  ills:  rtrtainisi.  exo  hie  Hkiudiy  is*.  dJid  slIlci  itie  flap.  Then  go  the 
liii'I.!iii;lIi-  system  icleetar,  ami  ehooftc  Pick .  Click  on  die  flap  Now  elicit  ik  Sclcci  .ind 
Botfttc  llinl,  selkfl  l  is.  I  hi]\  und  lhe  I  Lip.  Il  will  rs.ri.iiL:  .ikiig  the  pfttflCf  luii,  jJiJ 

LmL  |us-1  like  q  H:ip  tsn  j  wmj! 
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Figure  1.5.3  Flap  rotation  sci  along  the  local  Flop  Coordinate  as  is  system 


Step  -ill  Select  tmdi  tin;  wing  anJ  the  fuselage,  anil  ihen  create  i  copy  of  Lhem  Move 
i hi*  l-o|jv  10  me  hide,  and  use  the  Mirror  tool  to  flip  the  wing  along  the  X  axis.  fhis  will 
create  the  lefl  wing  and  flop  Nim-  rrujvc  the  wings  and  fuselage  into  proper  position. 


Figure  1.5.2.  The  completed  wings  anil  fuselage 


Step  6,  the  Toil 

The  i  win  mil  of  the  eonftguratjoii  consists  of  iwu  smoothly  curved  tins  with  airfoil  cross- 
seciiom  This  exercise  will  use  the  Jolting  too]  to  combine  i wo  ditlerent  cross  suciions 
along  a  curved  path  lo  aid  in  (routing  the  shape.  the  cross  sections  and  the  shape  n1‘  the 
mil  will  be  imported  into  3D  Studio  max  as  a  viewport  background. 
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$iep  fin.  I ii  ihe  l';k -'I' rl'c  tail .  rte  a ras  sect iniu and  ck  hhiiix1  hwe  ken  wanned  tit 
fi  Liiii  o  tijj'Jcup;,.  The  himaf  t’UIk-  ^  jui  am  be  set  us  dw  bjeJ^uiniS  of  ihe  ricwporu  io 
ihe  shape can  he  directly  Incei.  \k>  ihib  hi  ilie  Left  VkwpurL  Csc  i»  (he  Views  Menu, 
unit  Stk'Ll  V cvV| h M I  Hiiuj'-.siild.  t  Li  (Ik  Files...  HuLUhi.  utiU  rflm  lllL  Ilk  'id 

^■cii.ies.lniip  fniici  jiHtt  ilhciIjI  dinjclaj'.  Iii  die  Viewport  iHiclig . ml  box.  deet  mank 

bltmdp  firr  jLiitr  Asped  Ittiio.  11 W  tftlti^  HU  k  l|u;|.:  Lr>^.  will  wuct  I  mm  ths 
wvm'.y  i  l:*.  r  ,-£;iIl'  d.pun  Ihu  linoj  1u  iL  puinnetry  1 1  r|^iL-  i .  ;m\  »\™i!r  pnmeiry  blijckiih: 
Ik  v|c"#  nsn,T  hwh?  || 


Root 


/ 


Profile 


Fili.uiv  J.Ci.  I  Biutup  (tawing  d  Ihe  rout  jiilI  Lip  erDiMKlicm  and  ik  profiL- 

Klep  (ill.  Use  ll  il  1 1 e jIlIMi  JH-Ohll i|  1 1 •. <1  lu  lIloIl  IIil  Cfljfg  hiClkjilh  kw  ll;u  cuul  ,i:nl 

Ik  lip  ( hee  IL  ellipse  ir-j  drawn,  -c<  \  rri  ik  MiHlilyd'ihl  Spline  :uilI  in  Verles  nuide, 
iilI)ii  it  Ik  virlsLLS.  Yiw  iriiiy  Eiilvl  lu  a  invert  Mil  vli  liens  Em  He/wr,  mill  ymi  m.is  wunl  in 
LTiwfl  q  i.  nrliis  nil  Ihe  k  "  .ini  hclEi  mi  sejjEiKnln  lu  yd  an  uiuel  Ml  Then  ennlif  I  lie  diiipi 
(cir  the  pmlllr  bydniwiT^  Iwn  struck  I  lines  wrlh  n  vurti-x  rt-j|r  Ihr  miter  [ynnl  Ihil 
iiftpn.niinn.ieh  chip  cucthJ  '-Lipe.  Use  the  Motliiy\E(Hl  Spline  Ibula  in  v^nce  mode  In  pel  n 
good  iiuilIi. 
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Figure  1.62  Viewport  wiLh.  hlsnuip  imperil  mid  sprints  traced  over  the  bitmap.  Seale 

wilt  be  corrected  later 

Step  6c.  Select  ihc  line  ihui  i.s  the  Rnh  for  the  tail.  Nov  selcel  the  Cj^Ste’iCoiripatind 
OhjcctslLcitt  tool.  0’lick  nn  Ciei  Pnili.  ;tnd  the  selected  line  will  heconve  the  path  Now 
l"  lie  k  I  he  C'uft  Shape  button,,  and  click  rm  ihe  riHJl  airfoil  action  Til  is  creates  j  ihiee- 
dLi[nensk)nu.l  shape  However,  the  object  k  tun  us  desired  (Figure  62).  TTic  shape  is 
aligned  along  ihe  wrong  axis  Click  on  the  Twist  button  on  the  l>c  formal  ion  rollout.  m:lJ 
select  tx>Lh  ends  of  like  control  line.  Move  them  to  100,  and  watch  die  shape  alignment 
change  to  the  desired  oncntaiiciL  (figure  6.3)  When  complete,  rename  tins  object  Rjghf 
Tail. 


Figure;  ],{jJ  Lofted  shape,  with  the  root  cross- scut  ion  aligned  in  the  wmng  direction 
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Fs^im;  I  ft  4-,  IKipj:  flic  MpdifrVRvLfl  DcfDt1iliiliLiartwiil  (hi;  iwl  ill  opt  L-0  L'  ■>  H  wtll^ji 
cqitfllt  90  degree  yj  luiitu  ilk-  MphlCfll  uwrinlcrfaie 


Hkp  hi  I  Npw  wr  waul  \o  add  Hie  rip  citi£>  stL-bim  Selcd  Ki|dn  T^i].  iiriJ  ilu.ii  M^hlv. 

The  toft  qilinna  will  bmk  up  i  m  ilim  . . ml  panel  Under  pai  h  pai  ;ni  f.-k-i  d  il  k  ™ 

ihe  Huh  Swjsi,  mid  [ln;n  uvt  Hr.:  spumerfD  gp  Ilk*  hii^ieii  run nhet  uiklur  iht-  |Jnr|i  v:ili» 
Ono;  ilwne.  gLi  ip  the  Ciui  Shape (KltHL C6?t  it  mid  then  f.tkc  \  ilk  up  lps^* 

'■ 1  I  k  -  :i  !<■'  iht  iji  I  id  (hive  diiucmoiu  mhIiu  ihu  i  ■  ■■  -i  i:-.  ift  i  m,  fang. 

SkP  bi  V:it*  J  wpy  of  Ihe  tail,  icnmi*  jl  L^ii  Tail.  ;mii  rrtifvt  rind  oriciiralnfl  Iha  nib  u> 
lilt!  liivjkiLV  whCFC  Hwv  h?lon£  Group  llx-  1;ul\  lu  Ihi!  fiuebiu:.  CjIJ  ilk  eilULC  ^rru? 
Model 
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Kyi ii me  I  6  5-  Completed  jJiMElfcrlJ) 


Mi'P  7,  >  pplvins  a  1  luisli, 

TTii1  model  k  nvirtf  our  nr' aln Itissi  sictl.  ami  wd  will  posumi*  ii.i-i  ihe  lail  ^Uiuii  wils 
kviiird  from  .i  ics-ita  Li>ni|MriJk'.  Wls  wiJl  l'i^im  iU:  jjixura'iry  nppnjpriiirLy,  jnd  odd  a 
jpim  LKAPWAJiA  decal  tr.  iIil-  whir 

5kp  7a.  (J|itri  iIil  Muii:r islI  Editor-  The  lirM  Ivs  in  Ihe  upper  kfi  tiiunl  nifc  is  mJulill! 
We  -Will  imxtjfy  Ihn,  material  lc  tv  m.il  sled  Lll-Jer  Lhv  Sll^ki  U-;lsil-  KtfSittolere  Hollmii 
tlIel‘1  ihe  Me  Ml  Shiidvr  ftum  Ihe  drop-down  IHi.  Cl  ick  wi  itiL  DLhiiu  niturboa,,  ,irxf 
Mljuhi  ihecdtor  io  u  liglilej  grj._v.  Then  jaiw  dbu  Spivulif  I  ustI  tn  aknn  v,  ynil  the 
frhwinvft  l»  IlhoiFl  M  Apply  Ihis.  HttlCh  ,\  |.-  l:u  fi^d.ijic  ami  wings  nn  the  model 

'sk'p  7h  The  mi  It  Trill  he  made  tenm  a  beige  i-csm  .'wl=x.‘t  a  new  tnii  in  d*:  npper  wvLioo 
<dlJie  nmlerhl  editor.  und  ibtihtdcfuuli  blLnn  Ji  ad  ct  {  ’link  nn  the  Rifftisc  color  bon., 
and  select  a  beige  luLt  Apply  ilu  cvlnt  m  the  i.iih 

Step  ill.  Make  lliL-  llapi  a  fin|ih|  «wan|w  Chouse  Mother uiih  J  dclilLill  ili;iIl-i -;N  in 

it.  jiiitl  adjust  ii  i£>  a  btighi  omngc,  Apply  ihe  cok<i  la  icil  [taps. 

Step  ~ii.  ScliiLi  i:il<  wing,  I'mni  a  top  vie  tv  Nu'v  jjo  ki  MediJyM  VW  M.ip  In  he  S-a.l 
iniili-r  i  V  W  nmppinif,  wlcct  r.jftnn.  rin  in  Bitmap  fit,  und  ll-Ikci  ihi*  hmivip  '.wing 

■riecnl.hmp  in  the  lulnrial  iliredsiMy.  Now  un-  iJic  . . . I  Imllimi  u* d  (n  resiyr 

Ihr  gizmo.  Move  it  to  final  potidati. 
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Skrp  ?t.  In  Ihe  iii.liivi.lI  ediior.  wliM  lIil  >lcvl  uokr.  IX uu  ihLs-Lukir  lo  uIkia.  mUi  a 
-dc-fnuti  color  lo  msilcc  n  copy  ftcnnme  i.1  Wi-ng  logo.  0|v-n  die  mapi  i^llom.  .mil  :h.-Illi 
ihu  DiiTitso  Caluj  fietedioji.  UjiJlt Map.  olwk  wh«t  il  Now  dukHvc 

M- i I ii i . 1 1 ■  UdiiCI  Ihr  M.1Il'ii.lIi'V1j.|:-  KeO'VVsli  Mil  MIl  '.wini-  lIll.uI  lilup  'i  uu  will  'tw 

ItiL  Ninup  VMUftpBd  m  i  mud  ll  w  Silillple  sphL  ii;  Vliiki:  mru  lll:il  I  hi:  Mimir  nml  1 1  II- 

n[*KMi*  iiniScr  iln'.(.LiiiriJiiia.iis«  H  iilli  ml  nre  liiminl.  nil .  Turn  tJn  the  Show  Map  in 
Viewi^Ki  bwCldn  Then  dra^g  nnd  drop  the  materiHl  to  Ihe  nghi  wing  of  ihe  aiKTdJl  1  on 
uiin  m.Kw  go  hide  i«  ifie  t'VW  mapping,  ami  kdjnflt  Ihe  girimi  to  line  lime  liie  pljrenienl 
of  ik  logo  mi  I  lie  surface. 


The  lew  c^nfignmckm  ms'ild  i*  now  complde 
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Topic  a,  Importing  and  preparing  an  IG£$  File 

Tile  finjt  step  in  javpaiiiiig  j  vbi.iali  fallen  h  m  frrnlf  iu  import  dig  u-k!  ipniiiBfey  in  Ihg 
”mnl  cnvinynmciar.  'J'Jus  ses^inn  will  ja  over  Liiipunmt  ami  iriarnimliiCmg.mi  IGES 
form qi  3D  C  AD  flit!  iuu>  S|m5in  Mu*  prior  (d  merging  Ifm  mi  itSul  -ii.  r  i  i’  ll1  ■  1 1 1 1 J  luiaUvL 
UuymmiIj  y. 


Ii  L\  ii-.:i all ■.  T-^^i  |i.i  irikjRin:  HIch mm  a  IilkIi"  ill  SWilio M:n guvijomrieni  In 

Juliik,  either  re&liwl  Itic  program.  or  go  in  tin:  hi  In  Menu  -and  wkvi  Rev.i 

CifwiJ!  Inip-rm  and  pirate  all  imjkir  mil  Ki\<s  file  Inr  uw  in  .3D  Stud  in  Mas 

ScnwritH  A  LuiumiLj  ban  pmavidgd  IGES  CAD  model  ofMt>\  j  l  •(  A  V  nimk-l  rlvui 
will  Is  wind  lunixl  cl-siit^L  Hie  imoi II1!  ha*  movable  inboard  tnmnnl  -.uHtkcgs <hnr  will 
require  modi fk-ji u m  A  MuxS^-rip  *il!  hr  wnlie-n  to pmvufc  a  uva  ictofiKS lo  move  dk' 
J]gpv 


S-tvp  I-  liupi»riiu£  dig  JiLtukl. 

A  CAP  racxlel  of  vh oT  dur  UCA  V  li^i^  huon  provided  i  n  K3FS  Formal  Thk  file, 
ur.iv_hntllcfd.igs  ii  I  oca  red  Lil  ihe  WinpMeBhes-dirceiiw'y.  Use  dm  File;  n-^nu  lmpnrl 
funvtioci  10  bf jog  up  rlk-  ( JfHisi  1 1  (y  I JiaSopit  box.  ruler.  Selcer  FiL  i\ 1 1  rape*!  L  uJl  i  i-lk* 
I't'iyfv  Scted  WHS.  Mnw  nperi  tlv  fifa,  ^Tieu  asked,  scIll-i  inl  EAHnpletely  replace 
Kwiy-  option  CJgkiiiinjjr  i  \*2  file  iy  1 1  laJtc  a  few,  mnme nit.  V  mi  ean  waioti  Lbe  prognsib  un 
die  I '■  i  ■  I ! i  ■  i  ii  ■.  -I  rJk!  M.rL'e:n 

Slt;p  2_  Ailju^iup  i hr  vln+ponu  itr.dhm  all 

Whuu  i he  impon  is  done,  place  ihe  BEUpeato  viewport  into  Snnoorh  +  Highliglux  hhuI;, 
if  mi  will  now  sec  lhai  several  surfaces  uiu  ntviMhly  i  Figure  2  I « 


h  y  n  <-■  2.2.  L  Ijli|Vi  iJil  IE  ;i-S  n  i|- 
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Siqi  2;i  The  first  setting  lo  adjust  ii  in  the  Viewport  Configure  seieen  (left  dick  on  the 
viewport  mime  mi  select  Configure}.  Tarn  on  Foite- 2-Sidcd,  anti  make  sure  you  select 
All  Viewport*  in  Che  Apply  Tnhm 

Step  -h  Now  j>o  to  the  Cdii  menu  and  Select  All.  Left  click  mi  die  selected  geometry, 
anti  L'houw  Convert  lli  Jjl-  bottom  of  the  pop-up  menu.  Select  Convert  lo  [■.d:  table  Mesh. 
This  ha*  changes  the  object  rront  a  NURBS  to  ;i  mesh  model.  However,  we  still  have  all 
o(  the  holes. 

Step  2e  With  the  model  -13I1  selected,  gsi  to  the  Display  tab.  Under  ihe  Display 
Properties.  make  sure  llie  Backlaee  Cull  option  i-;  lurried  off.  Now  the  holes  have 
become  black  faces. 

Step  2d.  With  the  model  mill  .selceied,  go  to  Modify,  and  select  Normal  from  ihc  list  of 
choicer  Ihe  Unity  Normals  should  lie  mmed  on.  and!  die  Hip  Non  vials  should  he  turned 
off. 

Step  2e.  Goto  Ihe  Miteriul  Editor,  and  create  a  liglu  beige  material  under  die  I  s  I  i  an 
shader.  Make  sure  to  selcui  the  2-$ided  option  under  the  Shader  Basic  Parameters. 

Apply  this  material  to  Lhe  model 


Step  2f.  Again  with  lhe  model  selected,  go  to Modify,  and  select  Optimize.  Altui  :t 
moment,  ihe  model  will  huve  been  optimized,  with  a  significant  reduction  in  the  number 
Lii  surface  faces  without  toss  of  quality  (Figure  2.2 1. 


SlcpJ-.  Dcfat'hing  the  flap 

fsir  ihis  example,  we  warn  m  lie  able  [J  defied  the  innermost  control  surface  at  Ihe 
nailing  edge  of  Lhc  wing.  Since  the  geometry  is  complex  in  this  area,  lhe  easiest  was  to 
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do  i  liiK  is  to  make  a  copy  ol  [he  l  CAV  geometry,  imd  from  ihe  original  remove  the  Dip, 
itnd  iron  ihe  copy  remove  nil  ocher  geometry  except  Ihe  Hup. 

Slcp  3a.  To  start.  seleel  Ediiidone,  and  mate  a  Copy  of  Ihe  UCAV  full  [make  Mire  |o 
make  u  copy,  nm  an  Instance  or  a  Reference)  Now  go  lo  ihe  display  tab.  and  hide  The 
elected  copy.  We  will  return  to  ii  later 


kiep  3b.  Select  Hie  oHgin.nl  UCAV  geometry  und  go  to  Mndify'didit  Mesh.  Select 


Figure  2.3.1  Flap  with  vertices  shown 


Slcp  3c,  Proceed  to  select  and  delete  ihe  vertices  from  (he  flap,  Figure  3.2,  Work  you 
way  around,  taking  small  sections.  11'  you  remove  pan  at'  the  fuselage,  simply  use  the 
Undo  huf  ton.  or  FdilMJri(ki.  Hint  Use  ihe  Fence  Seidel  region  tool  iihicad  of  Ihe 
Rectangular  Selecl  Region  EOtil _ 


Figure  2.3.2  Flap  wilh  ss: it te  vertices  removed. 
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When  complete,  hide  thi--  geometry.  unhide  Ihetopy,  and  repeal  the  process  in  reverse, 
eliminating  llu:  vertices  l'mn  i  everything  e&cepi  ihc  flap.  Then  go  To  l!>i  h  1 1 1  ;iy\ [  J  rlhi  l  All 

Nuie:  Sinn  this  is  it  imhor  boring  and  lime  consuming  operation,  this  geometry  has  been 
prepared  fro  you  in  the  file  \Mesh\UCAV  with  Flap-No*  linked, nuix. 

Step  J,  Adjusting  the  Map  Pivril  Foim 

The  center  of  notation  of  arty  ^ D  object  is  set  at  the  Pivot  Point.  The  Pivot  I'uint  is  set  ai 
the  center  Ol  mass  of  the  object  at  I  he  time  of  crcalicin  However,  after  inampulatiitn  ii 
may  he  relncalcd  This  excrete  will  adjust  the  location  and  ImentfltiiHl  of  the  pi1,  ol  p-  mil 
m<  lIk;  flap  will  property  :uLUe  about  the  (lap  hinge. 

Step  4a.  Select  the  Hap,  and  note  where  ihc  object  axis  is  loaned  l  his  K  the  pivot  point. 


Flap  Pivor  Point 


Figure  2  4  I  Rap  Pivot  F'nint 

Wilh  the  Flap  selected,  go  the  HicrarehiesTFivort  Affect  Pivot  Only  option,  Tlia  Axis  icon 
changes  k> double  wide  arrow s,  with  Lt  blue  centre!  box.  Move  dtis  icon  lo  approttunaldy 
mid-span  ol  the  flap,  with  the  center  loaned  at  ihc  position  about  which  ihc  ll.ip  would 
rolitic  Now  use  the  Select  and  Rotate  Too]  w  solan;  the  X  Eixis  of  the  icon  to  Ik*  parallel 
with  the  leading  edge  of  the  flap.  I  Mute:  Gel  Ihc  height  eorreei  in  the  Righl  viewport  h 
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Figure  ±.4.2  New  flap  Pivot  Point  location  and  orientation 

Step -lb.  Nmv.  m  properly  rotate  (he  fltip.  you  Euvein  lell  Mas  jo  rotate  the  object  gbcwi 
i lie  flap  pivot  point.  This  is  done  by  clicking  on  Lhe  Reference  Coordinate  System,  urul 
choosing  1-ocnJ.  Use  tile  SoLci  and  koinic  cool  to  click  oil  the  Jl,ip  anil  ni)c  ii  LLtH>iii  tlh.1 
|mi|icr  axis. 

Step  4c.  Now  go  to  the  HierurchiesUJiik  Info  lab,  and  click  nn  the  licks  for  lire  Y  and  Z 
notation.  This  will  pievenl  I  he  Hap  from  ever  rotating  ahfuii  rise  wrung  axis. 


Figure  2.43  Con  spieled,  ddlocted  flap. 


Steps,  Linking. 

While  (he  flap  rotates  about  Ihe  proper  axis,  iFthc  rest  nl'the  UCAV  is  nmrul  or  rotated, 
it  is  ill  leave  the  flap  hchind  tl  the  Hup  is  Grouped  lo  lhc  resl  fo  the  grtMtcliy,  ii  v,  ill 
loose  il%  i  ride  pendent  relation  capability.  The  answer  islo  Link  the  llap  to  the  Tuscla^e. 


45 


5  A  CtliHlSfi  lit-  \c;lLAjr  ami  I  ink  lOOt.  i.lkli  Itnd  lliiW  fr-WIl  ItlC  inuUfe:  iiullun  itn  ill;1 
flap.  Naif  (he  liUti  dUIQue.  Now  lira#  (lw  iron  1U  \\r  dJid  juLu* £  Ihu  niiiu^, 

The  flap  lisrs  juw  IwLutit-  a.  L-hi  lil  a)  |Til’  iWlnge  (ihib  parent).  Nnwr  every ihin#  the 
AwlW  It  1 1  ild  lu  dti  {mwe..  mlale.  vale  i  the  Wap  w Jl  do  att  wuli  1  luwiww .  if  ihe  flap  i* 
'■■'III  III  Lil  I  Si  iniiJlhi  II L!  Ini'Ublv  rotate  I.  iJl  J  luljUull  will  JIliI  ailtn  lw  I'livel^e 

Kli  p  h  {.  «i  liljflc ti  up  lilt-  Midtl 

Thw:  lijilf  vl  Lhtf  VOW  will  be-t-upiLU  .mil  iiniiinvit  lo  inirnpfchs  the  itHMfcl 

Siep  to.  Ga  hi  t-.itiivSiki  i  All  I'liL'ii  |?n  i«t  bHAtlrmc  und  nuke  .i  copy  nr'ihe  naiidel. 
Seleei  die  Minti1  toftJ.  amluJkk  un  ih»?  Y-rais  diofce.  Hu:  fub^Ui^u  aikl  flip  will  llip 
over  id  the  [iii'|.ilm  miiiniaiinii, 


Slip  (fti  Nnw  %r  ktl  I  hi  Lt*i>  fiKclapc  hulu»  i  but  iwi  ihc  I  ti|»  ?  ami  -:n  mp  dvni  Ingeihcr 
wnh  ilit  iii.iue  [  l'\Y  Penunw  Mm:  flnjK  tu  Ki^hi  Flap  and  Lair  Hap.  .mil  cdorthcra 
nranjjq 


Figaro  2.5.  I  I'hc  c^mplcietl  U'AV  import. 
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Tppio  3.  MaocScrlpl  -  premium  |ng  JO  ma* 

fine  nt'ihr  rertsup* 1]>  Studio  M  iii.  ii  such  an  itUnurlivc  *o!tmirr  pvknpu  for  VTDI  is  [he 
MisSciipl procoHiiiiuiiii  Limpet.  l!siii£  MnxSaipe,  ju^Liiboai  .hi  dii  n^:  thru  [bo  user 
■w-:Mi  do  uiik  rue  mouse  and  keyboard  oun  he  Qiironiawd  or  enhanced  through  a  program 
■*i'iiroii  nt  MujiScripi.  Ii  is  ut«>  possible  m  dn  things  rlt.ii  are  ju&  unfeasible  dtjnnch  ihe 

■  ■ ! lu 1 1 J ; li >. I  iivci  ■iblL?tace.  Ilius.  Vli>J  relies  oil  Mil-  pnwu  Jlld  Ik's  ihi  Iris  MasSa-ripl 

liniH  lilts  10  im  lsif  lo^.  Llii.  I  ik  ii  uLln-.  uf  Cuiupiilej  .lII  IULjiI  ii  ilk,  true  bill  heal  sillluhalini.  Unil 
flnUi  vit4i;di^iji^94| 

NpIH  \in*Sv-ript  mu  cmnpta  iiml  lull  ImlnmL pnwniniipini; Innpuuue  Thk*xmri!te  fa 

■  Ho.inl  u  an  i  ir.ro julIjou  to  Lis  e.ipiihililks  To  realty  learn  Mha&tip!  skill  re.|.wv  i  iine 
spenl  with  the  pmgm  mming:  |jut|.niage 

Mmil:  Phiduce  n  MaxSc-ripi  program  rku  will  atliu-M  the  fl-rip  nngle  setting  on  ourUCAV 
tiHxJel  using  u simpk  graplueal  use:  iiuiTfjce 

Sl'L  JkiLrUi:  Mill  iTliritUllliri  |MOV  lik'd  UCAV  LIU'JlJ  Jl.iv  k’Liri  lllipoi  k  d  Jjld  1'CLpjJl.d  I  i  ■  I  UM 
in  the  ViLII  cii\  inir.iiiLir.  The  lljpi  luse  ken  moi3ilii.il  Iiii.MilIl  jirmind  111*  pnipui  limii.e 
pomlv  ||ml  rh?y  h..|v<!  bi’L  n  linbrri  In  I  ho  Ilf  !A  V  rmwl.ip1 

Now:  The  D3CJpk*ed  code  cun  Iv  Tutiml  in  ilie  Tries  ‘vScripitfiFlapKlFv  j  irK  and 
Fnapidev2.ms. 

Slt-p  1  Fii  iti’lii iiiLil  cade 

Iking  SiiixSerHjH,  ihcoc-  are  several  ways  Lo  ijisplejisenr  mid  itireinLi  wirJi  rJie  code.  The 
uLbwse  li  iu  'A-sirk  iHrccLly  lioJti  :k-  pragraiii  cuinund  line,.  uud  dtis  is  how  aL  will  atari. 
Once  we  have  sgun ie  funcikiiial  eixk  we  will  wrap  u  user  interface  around  it.  We  will 
uIimiiuil  pntdnca  *  Lnlity  program.  This  j|jpL-tus  us  pan  .>1  du  Command  Panel  when 
called  up  Irani  the  MaxSeripi  utility  (.hher  ojjiioil-.  ineludc  creating  a  tepararte  window, 
iircHTiL;  ll.il  is  iuvnkt'jl  niwi'  i  l-usIoiii  lujlliir  is  plot'll  -.jci  :hf  Ii  miliar 


I Ln I  IItm  Ihi"  liiuilumal  «:■  Hh*  We  mini  lo  limin' mil  Ii-  w-  4i -  m.ikr  Ihr  il.ip  nil iile 

Step  In.  Sckcl  MasSeriplVNew  Seri  pi  from  Itrc  menu.  Nm  go  to  MautScriptiMiMScript 
Lisiener  .  This  will  npen  np  the  liMener,  whkrh  will  provide  feedback  as  lo  Ihe  vmm  of 
ihe  Mas?K  (jpl  code. 

h.lLliir'  Ilk-  suLkiWillu  lilies  iU  dk  S-Iuxlicjipl  ivllldjow: 


U3J=?5 

EHipht  f-lap  rnhu,>T.«  rolalhin  -sal 

Soil-  die  hcnpi.  tuid  then  go  lo  FiLe^bxsvute  in  Llie  MaxScripL  wmdok.  Wuich  ihe  Il.ip  us 
yi'u  ejusute  ihe  4i  Nok  sel  ■■  _il  =0.  a.itJ  run  ii  .lUjin 
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Sirp  Zt  L'wi'  1 1  itt rCnct 

The  code  above  is  useful,  btii  not  very  practical.  To  enhance  the  usability,  we  will  create 
a  simple  user  interface  tor  it, 

Sier  2;i.  The  program  will  be  designed  1h>  nm  from  the  Utilities  Tab  VMaxScript  hurion 
location  ToSlart  such  a  code,  enter 

uliliiy  AngleSe!  "Sal  Flap  ami;  ft" 

(  -  Start  the  code  conlaineij  m  IP*  Utility  Scrip! 

-  Spacity  the  user  interface  few  ihe  Utility  SCrtpl 
SpPlrterspr  Angie  'Flep  An0e’  moga:  |-'W31  M,Op  type:  Wtaat 
3&UersM_Arsglo  'FlapDellechan'  range  90.  gj  Lype  aHloa.1  ti:ks:ie 
button  bln.Hesot '  Raaal  Flaps  lu  B! 

I  —  Make  sure  !□  ebftr  Out  the  LHWty  Script  cocfe 

Step  Zb.  Huh  the  code  by  using  ihe  Fiic\Fv,ilua(e  command  in  the  MaxScript  window. 

I  ook  at  llie  o  input  in  die  Listener  Window  for  any  error  messages!.  If  you  receive  an 
error,  check  your  synltt  carefully. 

Tike  following  user  inter!  .ice  is  created  by  the  code  show iijtbyver 


Spinner  spn  Angle 
Slider  sld_Anglt  - 


Billion  KnuRest-t 


Figure  2,  I  Utility  panel  Max  Script  user  interface 

Snip  4.  1.  ntFy  inji  tile  Fimi.iimud  code  with  ihi'iiscr  intei'lnee. 

bach  of  the  user  inlerfucc  items  needs,  u  ■  have  code  to  LOnuiuind  actions  when  the  usci 
interacts  with  the  item.  Fur  the  spinner,  n  can  be  typing  a  number  in  or  clicking  the 
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up/dawn  huiion.h.  I  he  slnfcT  will  react  ihen  the  pointer  is  moved  left  or  right,  and  dm 
button  wlIJ  respond  (p  ii  nhmse  dick,  li  is  also  necessary  u>  update  ihv  -^1  iiio  of  each 
interface  item  with  respect  to  actions  conducted  by  other  interface  items.  The  code  below 
shows  how  to  do  this. 

on  Sf  n  rtfKjli  :  Oliarupsri  sing-1?  cfc, 

5rght  flap  rotetloirxjotatiort  =  argleJt_^— - — Move  Ltie  ilaps 

Stell  Hdp.rc^atiofl  K_ioiotioo  a  angla 

}  ald.Angle.vafeie  =  angte  * - Update  ltlC  slidcT 

:  in  -Vd_Anglo’  changed  angle  do 

Sd^hl  JLip  T-olation  ^rotation  =  L  ^lL'  I  l-lps 

Slstt  rmp  mtarirm  x_rola[inn  =  angle 

spn  Angle,  value  ■  anala  * - Update  ihc  spinnor 

OH  Ulu.  H  vs-et  pressed  da 

Sriphl  Flap-mlatmfLM  raaiktn  =  O  — “  Muyc  iflC  flaps 
Sienjlap  rotation, xjotatioi  =  o  _  — ■ — -I  ptinie  the  spin  net 

Spn_Angle  vali»e  =  0  *- - — —  _ _ — — i  pJuk-  ihe  slider 

sl(l_Anple  value  =  0  *- — 1  '  ' 

) 

I- Tiler  each  section  one  at  a  time  and  execute  die  code.  Keep  an  eye  on  the  t  .Kiener  to 
make  sure  it  compiled  and  run  without  error  messages. 

Step  4*  OfiiirnisinK  the  rude  fur  rtiulafriliiy  uiid  "n pd :< | r-nb iti ty  ’ ' 

The  code  is  fully  functional,  but  it  can  be  optimized  to  nuke  it  easier  to  rend  and  in  make 
modifications  easier,  flaring  the  section  of  code  that  moves  the  llaps  inton  Function 
wouThI  allow  you  to  wrire  it  only  once 

Since  the  c  oJc  i.s“p-cixluT  or  compiled  oil  Uk  lly  as  ii  is  executed,  ii  important  Loo 
make  sure  that  llie  code  is  properly  organized  so  Uiul  all  eldnequ  mu  ready  whan 
required.  I'hus,  the  Function  will  lx  placed  at  the  Man  of  die  Ulilily.  Note:  make  .sure  u 
is  Hin.siLleT'  ihu  pareiuhcsis  fur  the  utility. 

For  brevity.  the  entire  updates  script  is  shown  below, 
uliiily  ArigteSal  "SeE  Flap  Angfe-' 

-This  COd0  will  rmjvti  Maos  on  an  ainifstt  conftguralion  ■  ho  llaps  MUST  BE  named 

-  Left  „Flap  arm  IHighLFIap.  A  u&if  interface  consoling  cA  a  s^innev  -Sb-dGr  and  reset 

-  bj  lion  ia  included. 

-  Written  lay  Rich  Schwmrt?E  S^alo-3  Aerospace,  euppoitiiy  ASOMH.  NASA  LaF’itk 

-  Last  changed:  &- 1 1  -05 

-  Written  an  3D  Sludio  R7.Q  ^R1 

(  --  3tari  I  he  code  contained  m  the  Uliifly  Scrap  I 
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Declare  *urM:lk>r^|  *41hij-  tttm  art?  seen  wilhin  Ife  Mpn  of  lhfl  uMlM 
r urfdlari  FIdpRciIhIe1  Angle  ■ 

( 

■IviljU  IldJ.IUldliLI'  Ji  "UiilVI  -  Anglo 
S^JIrtprtJdr  rn  K.imalian  -  And-a 


-  Spoeff  Pre  nner  mlnrlar-o  horH"*  iililly  wnpc 

ap+orier  flpifc.Aiqrl-B  "Rap  Angle"  range-  { !?0,DD,Q|  iyp^.  i*oal 

Shit--  m  A  iyt  ^Sul-  OeNtLlbn  kind:  i  50.  UD.  p]  lyiii  cftikil  iicKS  IB 

ttrtm  hvi  .htaal  "Rft=P^  Flflp§  *j  GB 


-  Howlhfl  eonimarelalef  fliinhMMU  lnlfef|Uj»  wrtm  feiperified 

cn  dianoed  nrge  da-  i  hJc  .-ura.  wli^n  iliU  ve*i  the  pinner  i-nlnii 

r 

rel  -  FtopfcWg  n?  Kih*  -  Move  Iht  Itaat; 

■ild  Angle  value  =  anglA  - 1  Jbd Ms  Ihe  user  inlulw 

> 


3l|f_ A^jhi  Cfiflrtgrf  mgb  dd  -  This  ilvu  when  ih$  u  -fi  i  ikj virt  ll  t  £UiJer  santrnl 

( 

rel  *  FiapRofiale  ungki  -  list  (Ifei 

api_Angfe™iufl  -  angki  -  UfHjate  |Ih-  uw  Bihar— 

} 


crvhln  RdmiI  i% 

r 

angle  -0 

■  vl  =  Fiipriuialu  ingt 
•Jpri  Allele  vftlutf  -  w^b 
ski  AnriP  VAl.14  =  nnrJA 

I 


-  I’hwoocva  when  the  Laer  cb  :l_h  ll^  i->uiiuri 


-  FAY. A  Ihr  ■Li"r=. 

Updata  Ihe  uw  Inbftat 

-  LtnJolfl  llie>  L£i9  IlllOd.TTi: 


)  -  M**e  Mjm  to  cfese  oil  Itie  Ulity  Gnnpi  codi 


Y ■  11*1  mw  turns  a  pngnm  ihui  ran  tv  reiittri  uglily  Ih^t  niH^r  jwk-cIk  Ynu  ran  ndapr  il 
I'-’f  iial'-Ton-t  by  muhipLyfan^  igcai  iim  ..il^  It  hy  I  | or  ura  ilkniD,  or  inu  1  sfcrju._-  uti  sl-  is 
■'U'l  j-  {tairai.  A  wry  sniiilau  uslir  h iilwl  u^sd  ipcurnrol  dtt  andi:  r>l  aftttt  -iH  i  n 
iimxIoI  iiihi  Lhc  Stic*  Jiut  firsi  wg  m  pul  i^itr  model  inio-  ihe  vinuai  wumI  [iiiiiu^ 
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Topic  4,  Camera  Calibration 

0m6  of  the  key  features  of  Ik  ViDI  setup  is  ihc  ability  lo  very  closely  match  ihc  vinual 
representation  of  a  camera  view  to  a  real  camera  view.  However,  in  order  lo  represent 
.III  individual  canic’ra/leiWzoOi'il  selting,  u  untihrcilmn  must  be  performed. 

Step  1.  {'nlihmtion  Images 

i'liL^  alibralLon  is  extremely  simple.  An  im^gc  qf  an  item  dial  is  ^ud timed  in  length  has 
lo  be  acquired  with  the  camera/kis/KOotti  setting  desired.  The  distance  between  ihe 
cameru  iiri.l  i  he  venter  of  ihc  graduaied  item  mu  si  also  be  known.  Wi(h  this  information, 
the  angle  of  ihc  field  of  vims  can  be  determined. 


f  igure  4. 1 .  J  Calibration  images.  A  ts  sei  ai  a  HHrriru  irotim;  b  is  set  ai  a  7(1  mm  zoom. 
The  camera  is  3b  inches  front  ihe  center  of  ihe  yardstick. 


r 


I  or  the  case  of  camera  ;ir  -  hli.U  degrees,  and  I  at  b  Ifte  ungle-  is  23.  ti  degrees 
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Step  2,  Selling  t  jmiLTii  FQV  in  31)  iStudlo  Mux 

Step  2a  in  3D  Studio  Max.  go  to  the  Modify  .section  once  you  have  j.  camera  selected, 
Under  ihe  Parameters  rollout,  you  will  see  ihe  Lens  qnd  Field  Of  View  (FOV|.  Set  the 
field  Of  View  io  the  value  determined  by  die  image  Lalifiraiitin  above,  Make  sure  the 
Oiitmtatifni  button  is.sei  to  the  proper direction  Hu  die  measurement  taken.  Note  that  for 
Ihe  actual  2S  mm  lens  (60  degtee  angle  1  the  corresponding  Max  lens  would  bo  3 I .  I 77 
mm, 

Nntet  Di  i  mu  count  on  ihe  Lens  settings  in  31)  Studio  mux  in  he  accurate  enough  io 
inn!  cli  y<  mi  particular  camera  optics 


Oricnlntion  button 


FrgUte  2  1  ModifyVCamcra  .filings  in  Hie  Command  Panel 

Step  ?h  In  match  rhe  camera  resolution  For  the  iinul  rendered  <njtpu  r.  you  can  eons  ihe 
Render  Scene  dialog  Iw,  and  adjust  the  resolution  in  the  Common  Pllfiiirkters  to  match 
the  resolution  of  ihe  .kiu.iI  camera. 

BrndtrCmn  V”? 

Cmn 


Figure  2.1  Pender  SceocVCotiunoa  Pumi meters  interface  used  to  set  the  camera  resolution 
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Topic  5.  Finalizing  the  virtual  test  environment. 

The  virtual  environ  men  I  used  for  pre-iest  pbnllitig  is  comprised  of  the  tot  article,  the 
wind  tunnel.  u nc I  ih«  instrumentation.  We  will  (MO  I  he  UCAV  test  model  with  the  if  ARL 
wind  tunnel,  then  we  will  simuEaic  a  IXjV  experiment  with-dDmengs  and  laser  light  sheet, 

Ctmh  t’.'ren |e  a  complete  viuujl  lesiine  environ  nc  ill  ill  olikl  to  plan  nut  ihe  setup  ol 
DOV  iiiatnmieniuilun  cei  the  UCAV  model. 

Scenario:  The  updated  msloma:  L  CAV  model  will  be  u.sal  with  the  AFRLprovided 
S4RL  wind  lunnel  model.  "Hie  user  is  inicmsied  in  JXiV  investiga lions  of  the  flow 
pattern  Around  die  inner  control  surfaces  at  a  variety  of  angle  of  attacks  and  flap 
deflections  The  flow  will  he  analyzed  directly  uhead  of  ihc  flap.  lie  the  Hup  mid-section, 
and  at  the  aft-most  trailing  edge  location.  All  leaser  light  sheets  will  be  pluscd 
perpendicular  to  the-  fnCe-slreEiiu  flow, 

list  Matrix: 


Repeated  for  each  of  flute  laser  light  sheet  local  inns: 


Alpha 

0  h'lnps 

-5  Flaps 

-10  Hups 

1 5  Hap* 

-20  Flaps 

■  . 

!  J 

rJi 

1 

-l 

i) 

4 

H" - 

S 

| - 1 

12 

Ifi 

i= — i 

Negative  alpha  is  nose  down. 

Negmjvc  flaps  means  flaps  arc  deployed  downward  (standard  usage). 

Step  I.  Merging  I  In-  Lll\4\  villi  flic  wind  I  Lionel. 

Step  la.  Have  ihe  lile  UCAV  with  flap  linked  final. max  open  Go  to  the  Hte\Merge 
menu,  and  select  tile  rile  ViDI  TuioriahSari  Facitily\Meshes\SAAL  baseline 
geometry,  mux. 

Step  lb  In  the  Merge  window  appears,  click  on  the  All  human  to  select  all  elements  of 
I  he  SARL  baseline  geometry,  max  (lit  Now  dick  OK  Seleei  flic  UCAV  and  move  it  to 
ihe  end  of  the  sting.  Using  the  Select  and  Link  tool,  link  the  UCAV  model  to  the  sting 
boom. 

Step  2.  i  he  Alpha  VljxSrript 

A  MuxScnpl  utility  program  has  been  wrilten  lo  change  the  angle  itf  attack  tilde  model 
using  a  user  interface  stmilai  to  liitit  created  for  the  flaps 
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Step  2b,  To  opm  Ihe  snip.  go  live  LTlilily  PawlW  ;i»5cript  huiinn,  and  dkk  on  M  Oict 
on  Open  Script,  and  ihm  tipcii  (he  file  Vlnri  fwrilitykSimpMScrAplhii?  mv 

Me  I  lb.  Lil  die  MiixSeript  window*,  iio  tu  I  ilriExetiLil*.  then  luok  ji  ihe  \ai  iei  ihe  L  ntfcj. 
M.iihi  feir  i he  "Sel  Alpha"  t  ntt \  Vim  cui  dec  ihe  slider.  iype  in  n  number,  cr  use  rlie  up 

jihLittywii  juiiiv.s  H>  :ii I'.ii  -!  i Is:  dii_jk  of  ,i[l.i:k  uS  iIil  : 1 1 NuE£  diili  J li  fUVnl  p.-ml  ul' ''lie 
itinjc  Jiav  Ki'ri  li  h:uEl'lI  .-,1  Nil  jiLiikr  id  rutal  iun  uf  Mil'  [iimicl,^^  spoeifiud  in  ilk:  draw  inn* 
til  Mil-  hu'ihly. 

Stt-p^  Laser  I  iphl  Shed 

Jhere  an.1  two-  ways  (o  display  a  Jnscr  lighrt  stiA.1  in  3D  Studio  Mu.  Method  #1  is  based 
mi  using  a  very  thin  lei  to  rcptescnl  Hie  tight  ^lffi  This  is  Ihe  easiest  iintl  will  work 
well  Lien  jijiui  idnHuiiig.  hut  it  is  auaJistk.  Meilxd  wl  involves  pfujucung  iui  -taual 
diniilaiL-d  Ik  In.  itiid  liuvief  die  i  j.y-iiiu'e  wintered  creole  die  lasei  lighi  dicer.  Wish 
slijii.v.viLie  Liu  lied  uii,  ihh  produces  a  my  icslIULv  looking  licJn  sheer.  o  LiHliiiiJ  bib  burls 
afUk  tuid  IU  i.iuli  ■  I,  i:ui  iu:ii  lilt:  ■  mi  Mini  datribtS  hu*  1u  Ihiiikc  j  litsti  btiUD.  Llk  10  (lie  lime 
CcuielTiiirKs  iif  ihn.  i;b''S.  we  will  mil  jin  inn i  iJl'E;iiI  nil  Mux  tiaiiuiq iil’ 


,SIl'|>  Vi,  E  i"  En  it  K 1 1! 1 1 1  View  hi  ikiL  ■,  ilk [ii ill.  jimL  xwildi  Eu  Wincfi  .iiik  iu  de.  DidiS  j  Ihijl 
across  Ihe  test  section.  rad  vi  ihe  hin^hi  in  (M  un.-liiej. 


Step  3b  jl.i  t(J  MlnJirj'AJidil  Me*h  iind  '.elcLi  verlisx  mint  Thrn  Hmwil  Iho 
verbees  on  one  side  of  Ihe  ho\  in  ftinn  a  trimgte  "Hi  I'niwm1  il>e  3  I  i^Jir  Sheet .  -iP"l 
dnin|K  the  mrefTiime  cotes  Id  greeo. 
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.Vit'ji  ,k,  11k  next  Mcp  is  to  nuke  die  laser  light  "hL-cl  glow  a  radian  i  green  color.  (Jo  to 
the  Madrid  I  I’diior  and  sdcct  an  unused  tnaleruif  entr?.  With  the  Blind  shader  click  on 
the  P]  I  fuse  color  box  and  chouse  Lhe  t'uJL  green  color  (RGB  0. 255,  0).  Note  that  (he 
Ambient  is  locked  to  lhe  Diffuse  color,.  which  is  what  we  want.  Drag  the  green  color 
from  the  Pit' fuse  to  Ihe  Spewilmr,  and  choose  to  Copy  the  ailnr  Now  go  the  Self 
Illumination  edit  ho*,  and  type  in  100.  Next,  goto  the  Opacity  Kw,  and  enter  50, 
ReEiame  the  material  “'Laser  Light  Sheet"  und  assign  it  to  the  laser  light  sheet  box 


Fignie  5.3.J  Box  based  Laser  Light  Sheet  in  Wind  Tunnel.  Note  thttl  there  is  no  blockage 

of  Light  using  this  method. 
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Sli  |j  J  -  i  'unicni  rmilinn  .inil  jHi^tNnu  nn 


Lk  Cftuiu.^  juiLT^Tiur^  in  crealt  ifinse  liiriield  cameras.  'I  uking  win 
nih  fXJV  fapiiranenls  for  camera  pSncemetir,  place  tL  owl™  ire  iipprmiitiLLW 
ppinlonv  I'h ci»  in  I  usl  ih*  Held  irf'  view  iu  luiueti  iIil  LSJtisi  Injz  iu;il  li.:n-,  Thi  •  if  done  in 
Ihi1,  Modify  screen,  where  wu  llul  mImi  dw  field  uf  s  ,mil  v^i  Lhc  viewing  angle  ufiha 
tmwm.  Tu  l^tL  iUI  DKjCL  ilkiklt  us  UlL-  rul  Ciuiwnt,  jjn  (p  flw  Eeixfcr  Sc dflC  k  id.  .mil  id 
the  rendered  ro  the  i  csol  uiiftii  nl  tit  w merft  Hirer  render  the  scene  in  ctcum  .in  bccm :iiu 
lejireiclllillfojl  ol  wli;ll  Ilk  LMliiu.i  Vrill  '±r 


Figure  5  -I  I  Cumcrus  in  i\k  \  iin.d  k  i  iwininmeni 


Km-  die  p:inl  IS  In  iJftajh  [Ik1  hcs.L  padliun  jiwLEelL'miiiK  (he  iv>l  leilhL'i  liu  ,dl  Mijl'l 
camera-’  « 11  h  i  hr  flaps  iind  .m  .Hl  ol  iiiEDCi  ji  JLf  i  rn-  ni  ^■iinj’v  Tl-h  ev:-ivk  if  left  fm 
the  student  m  Mnjdcic;,, 
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TopicS-  Data  Visualization 


I  >ne  of  the  mam  aspects  of  Vi  Di  is  the  ability  to  display  three-dimensional  time  varying 
data  in  ihe  virtual  environment  The  primary  way  to  do  this  is  hy  “ifitnire  marping  ' 

(often  referred  to  j lss I  js  niujipmL’),  where  ;i  hi  Limp  is  piojtcted  OilEO  fii'miiL-try  in  (I i-j 
scene.  This  scclum  wilt  cover  rnugipi  niz  lIllIji  'Liken  from  mi  expe  rime  ill  in  which  a  sm.il! 
scale  Apollo  capsule  was  placed  in  a  hypersonic  flow'  in  order  to  visualize  Ur  pad)  of  (he 
Reaction  Control  System  fRCS)  thruster  plume  under  reentry  CMtdlllms,  The  technique 
tisetl  was  Planar  Laser  Induced  I  juureseeiice,  or  PLIF  I  he  pm|svw  ni  lkcse  recent  rests 
w;h  to  explore  (he  potential  of  PLIF  for  use  with  the  upcoming  Crew  FApkiration  Vehicle 
development  testing. 

Using  PLIF,  a  laser  light  sheet  in  (he  ellraviolcl  mngc  t-22<>  nm)  is  projected  into  the 

region  ot  mtcresl  This  light  will  eausc  Sunsis  Ox i rite  In  fluoresce,  thus  ltc .M  ine  11  visible 
plume  of  die  c.i-.  m  lie  flow.  A  detailed  dcscrijiUuii  of  PLIF  is  illeludcd  in  Lite  Appcutli.c 
section  of  your  manual. 

In  dll',  experiment,  the  laser  was  pro  jected  along  the  centerline  of  the  Apollo  capsule  in 
(he  si  ream -wise  direction  This  placed  (he  lighl  sheet  along  the  center  of  n  port 
represcnlinf;  (be  location  of  un  RfS  icl  A  mixture  of  Nilroccn  ^as  .mil  Nitrous  Oxide 
was  exhausted  fn.nn  the  port  tut  ucl  QltsMd  miitertu]  fur  lire  Jlow  visLIillizniiCni.  Tile 

grayscale  images  digitally  acquired  were  processed  .mil  converted  lo  false  color,  (hen 
delivered  lur  visual izalion  as  a  series  ufTIF  formal  bilmaps. 

Scenario:  The experiment  has  been ciunpfered,  ;m<l  uti  ICrRS  CAD  model  of (he  lest 
configurtHiem  has  been  provided.  The  dal  j  has  been  provided  as  a  series  of  ltXi  bitmap 
images  in  TIT  formal. 

(hi  id:  Create  si  ill  and  animated  imagery  depicting  l  he  Jal.i  in  re  Lai  inn  lo  the  Apollo 
tu.pMjl.e_ 

Siefi  1.  ( 'renting  u  pi  u  ire  lo  place  the  diltu  mi. 

Skip  la.  Open  the  fife  \  Apollo  Rase  line,  i  tux.  Tlie  fife  contains  die  convened  JOBS  file 
of  l lie  capsule,  which  has  been  given  a  chromed  metallic  finish.  We  have  to  create  a 
pliuie  upsui  which  the  rinia  will  he  placed  for  visualization 

Step  lti,  Go  toClcatc\Ocometni\Plaie,  In  i lie  From  viewport. create  a  square  plane.  Ii 
needs  lo  Ik  square  since  die  data  Image  is  square,  with  a  5  1 .1x5 1 3  resolution,  The  exact 
si/e  is  not  important  at  this  stage;  we  will  scale  (he  dal  a  to  (lie  geometry  in  a  later  step. 
Make  sure  the  Generate  mapping  Coordinates  is  on.  Rename  the  plane  Data  plane.  Go  to 
(he  Top  view,  and  align  die  Dntaplanc  with  the  centerline  of  the  capsule. 
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.Slf|i  1.  Cmuht  41  I  li;i  I LE  i;il  tu  kljjp  Li»  Uiihipiune. 


i.pfii  iqi  tlwMiilsrinl  Edilw.  ScLli  \:k  firsi  mn^Hiil  *lnl  lli.il \us  ,i  genetic  icuicruLl 
in  v  Rename rhis  material  ‘  UmiT  t  nd«-  d*  map!>  Rollout, click  Uil* hilTuw 

Cafof  cheek  bojc,  iuid  ensure  thu  iljt  A . .  value  ii  100.  Click  on  iIk:  Muj-  hm  ;i 

ft  lib-ii  mil  tilth  I.ll  l  IllL  .r.  “Ni  mu*'  The  Mjleri <rl/>  I  up  Kri  mi  imw  r  Jciiihlp 

cl  ick  on  ilu-  Hi  u  map  Select  ife  Apml  kABnti\a> erjjted  ii  Ji.yre.bi  up  lik  I’Ii  is  file  eiuwiiiu 
i I'll-  j  '  ii  a^ciL  value  fnwti  (he  UH.1  i  iidivkluitl  Ifiuucs.  Uinki  tlw  L-vxs^lnuBfs  iwlhnU.  mike 
Wtu  rJul  lalinp  is  stf  in  I  0  far  L1  iind  V.  .md  dui  Tik  is  >_•  1 1 k l 1 1  I<t  luil'i  oj  llvill  llhih 
V-  ill  tNYUiu  sbu  <l:tl:i  visible  np.  (nvln  liit%  (if  Iht  plajiC-J.  Cliii  on  I  -if  Shuw  S1,ip  III 
Vit-lYfHirt  huM.in.  Niiw  lijtply  Hie  dal  a  lu  tlh:  L>jIj|>I;uil-  r.hjuL  l 

Sic  p  J.  AlI  j  iistu  itf  litL'  iiiliIc  rbl  ippcflrlDCC. 


[n  liie  Material  Edlior.  uk  tlu  lUhiui-  th(  bsu  h>  ge  buck  io  ilic  Auvagcd  Ifcsiu  s*l  ul 
piijbiiciL-ji,.  Ii  ifc  Slmfcr  ftiisic  pniamelHS.  click  Lin  2-sUciL  UMter&ir  UliLiEijn^hnn, 
make  iht  ituirUntid enirv  ICTJ.  Nole Uiu cbncige  itaibc  view  |  mil  N<hn  y|  theOpnHh  Io 
5[L  In  iht  Viewport ciintrcl  fright  c!ick  pii  die  vicwji«ri  ume i  set  the  Tnnifiiciuy 

selling  tri  We'll 


FlguiB  Data  mapped  Ii  1 1  Ijijl? J;ine 
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Sltp  -I.  Preniinning  the  dii(u 

Ust:  ihc  Select  and  Move  uxii  to  move  ifac  data  plane  to  the  capsule.  Unlominaiely,  when 
this  c'tpertrncni  was  conducted,  no  reference  images,  were  taken  to  help  scale  and  place 
ihe  dal  a  (Otherwise  the  reference  imafS  tvonld  be  used  here,  and  then  replaced  by  the 
data  image  once  the  data  was  sealed  ami  aligned  properly  i 

Our  clues  here  fife  the  slightly  visible  line  ol  the  cap  side,  and  the  siw  and  location  of  die 
plume,  The  plume  emanates  from  the  second  hole  down  train  tin;  liem  shield.  There  is 
isIslj  U  rairu  line  that  shows  die  reflection  off  of  lie  Mir.}:.  Manipulate  the  position  and 
scale  unis]  you  have  a  good  lit.  as  shown  in  Figure  4,1. 


«F  * 

\ 


Pig u re  b.4. 1  Proper  pnsiiinn  nnd  scaling  of  data. 

Slrp  5.  Render  1  hr  inii^r  and  Hive  your  work 
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Al  ki  I  EI3il  I  ELj^  cl  M  E 

Ck>  hiiuk  to  step  1.  und  HzreaCL'  a  new-  material  with  :i  map,  but  this  time  pick  the 
iirsagcUfll  .ifl  itk  Ibi'l  he  map.  '['his  [Ue  is  jin  ASCII  text  list  of  filenames  of  each  of  ihe 
data  files.  Mas  will  use  this  list  to  update  the  image  file  fur  each  frame  of  the  animat  inn 
OllCt!  Will  have  I  he  material  mapped  In  the  DatJiplane,  use  the  Time  Slider  to  change  the 
IrntlM  lUI  see  lluw  the  data  changes  over  time. 
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APPENDIX  B 


OMS  3.xx  (Prolmage,  Profield,  Prograph) 


The  original  OMS  3.xx  software  code  was  modified  to  increase  its  capability  to  compare  results 
from  experimental  ground  testing  and  Computational  Fluid  Dynamics  solutions,  and  to  facilitate 
CFD  validation  using  experimental  data. 

Appendix  B  consists  of  a  description  of  the  modification  tasks  performed  and  a  brief  instruction 
manual  to  OMS  3.xx.  In  addition,  “How  to”  application  package  tutorials  for  Prolmage, 
ProField,  and  ProGraph  are  included.  The  information  in  Appendix  B  was  generated  and 
provided  by  Sergey  Fonov,  Innovative  Scientific  Solutions,  Inc.,  Dayton  OH. 
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Preliminary  Operations 


Step  0.  Preparing  a  Model  for  Data  Processing 
Using  the  OMS  “Prolmage”  Program 


1.  Apply  contrast  marker  points  on  the  model  surface.  The 
number  and  position  of  these  markers  should  describe 
the  peculiarities  of  the  Model  Geometry.  The  total 
number  of  markers  should  be  about  15.. 25,  and  applying 
them  on  the  periphery  and  extreme  points  of  the  model 
is  most  effective. 


Figure  1 
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2.  Measure  the  3D  coordinates  of  these  markers,  and  write 
them  into  a  file  (in  our  case,  MARK_UP.APM) . 

Note.  The  file  is  a  list  of  marker  coordinates  in  ASCII 
format . 

3.  Prepare  a  bitmap  with  the  model  image. 

4.  After  starting  Prolmage  open  an  existing  bitmap 
SENS_0FF.B16  that  is  located  in  subfolder 
SAMPLES\STEP_0  of  the  current  folder: 

Choose  the  Open...  command  from  the  File  menu, 

or 

Click  the  following  icon  from  the  upper  toolbar: 

Figure  2 

The  standard  Open  Dialog  will  appear  on  your  screen. 
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Figure  3 

iBTIW 

Look  jn:  \  Q  Step_0 


^  ^  S  i’ 


5.  Choose  the  file  STEP_0.B16,  and  click  the  Open  control 
button.  The  Open  Dialog  will  be  closed,  and  the  bitmap 
will  appear  on  your  screen. 
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6.  Select  2D  markers  on  the  bitmap  in  the  order  of 
sequence  of  the  3D  marker  numbers  using  the  model  photo 

(Figure  1)  . 

Choose  the  Mark...  command  from  the  Markers  menu. 


or 

Click  the  following  icon  from  the  upper  toolbar: 

Figure  5 

w 

The  Mark  Options  Dialog  will  appear  on  your  screen. 
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Figure  6 


7.  Choose  all  of  the  needed  parameters  in  the  Mark  Options 
Dialog  as  shown  above. 


8.  Click  the  OK  control  button.  The  cursor  shape  is 

changed  to  Click  on  the  points  on  the  bitmap,  and 

the  markers  will  be  placed  at  these  points. 

Note.  The  selection  of  markers  is  to  be  performed  with 
the  highest  accuracy.  If  a  marker  has  been  selected 
inaccurately,  it  is  recommended  that  this  be  corrected 
through  the  use  of  Move  radio  button.  Use  of  the  Delete 
radio  button  does  not  change  the  numbers  of  the  rest  of 
the  markers.  If  a  marker  is  to  be  added  (using  Add 
radio  button)  ,  i4-  11  acquire  a  number  that  is  equal 

to  the  last  mai  number  plus  one.  Therefore,  the 

order  of  the  marker  numeration  may  be  violated. 
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9.  To  turn  off  the  regime  of  marker  selection,  choose  the 
Mark...  command  from  the  Markers  menu  again. 
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10.  The  quality  of  the  marker  choice  can  be  controlled 
using  the  resection  procedure.  Choose  the  Resection... 
command  from  the  OMS  Project  menu.  The  Resection  Methods  Dialog 

will  appear  on  your  screen. 

Figure  8 


11.  Choose  all  of  the  needed  parameters  in  the  Resection 
Methods  Dialog  as  shown  above. 

12.  Click  the  Project  control  button.  The  Mesh  Files  tab  of  the 

OMS  Property  Sheet  Dialog  will  appear  on  your  screen. 

Figure  9 


13.  Choose  all  of  the  needed  parameters  in  the  Mesh  Files  tab 
as  shown  above.  The  appropriate  files  are  to  be  chosen 
from  the  same  folder  (subfolder  SAMPLES\STEP_0  of  the 
current  folder)  .  You  may  type  the  names  or  click  the  ... 
control  button.  In  this  case  the  standard  Open  Dialog  will 
appear  on  your  screen  to  permit  you  to  choose  the  files 
and  their  storage. 

14.  Click  the  OK  control  button.  The  Resection  Methods  Dialog 

will  appear  on  your  screen  again. 

15.  Click  the  OK  control  button.  The  warning  message 
concerning  the  absence  of  the  file  with  the  standard 
markers  will  appear  on  the  screen. 
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16.  Click  the  OK  control  button.  The  warning  messages 
concerning  the  transformation  error  will  appear  on  the 
screen . 

17.  Click  the  OK  control  button  or  press  Enter.  The 
standard  Save  As  Dialog  will  appear  on  your  screen. 

Figure  10 


18.  Click  the  OK  control  button.  The  3D  Flowfield  will  be 
saved  on  the  disk  with  the  default  name  UP.XYZ  in  the 
same  folder.  To  visualize  it  is  necessary  to  open  this 
file  using  the  ProField  application. 

Note.  If  the  result  of  the  procedure  is  unsatisfactory 
(the  Flowfield  is  displaced  relative  to  the  Geometry) , 
it  is  necessary  to  repeat  Steps  6-18. 


Figure  11 

/Y 


19.  To  save  the  chosen  markers  on  the  disk,  choose  the  Save 
Markers  As...  command  from  the  Markers  menu.  The  standard 
Save  As  Dialog  will  appear  on  your  screen. 
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Figure  12 


20.  Choose  all  of  the  needed  parameters  in  the  Save  As  Dialog 
as  shown  above . 

21.  Click  the  OK  control  button.  The  markers  will  be  saved 
on  the  disk  as  the  file  HST_315DD .  MPT .  In  subsequent 
processing  this  file  will  be  used  as  a  file  with 
standard  markers. 
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Chapter  1.  Working  with  a  Project  File 
Stepl.  Creating  a  Project  File 

1.  To  create  a  new  project  file,  choose  the  New  OMS  Project... 
command  from  the  OMS  Project  menu.  The  OMS  Property  Sheet  Dialog 

will  appear  on  your  screen. 

Figure  1.1 


2.  Choose  all  of  the  needed  parameters  in  the  Test  Features 
tab  as  shown  above . 

3.  Click  the  Write...  control  button.  The  standard  Save  As  Dialog 
will  appear  on  your  screen. 

4.  Enter  subfolder  SAMPLES\STEP_1  of  the  current  folder. 

5.  Type  "STEP_1"  in  the  File  name  text  box,  and  click  the 
Save  control  button.  The  Save  As  Dialog  will  be  closed,  and 
the  project  file  with  the  name  STEP_1 .  IMS  will  be 
created.  Its  name  will  appear  in  the  This  File  information 
pane . 
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6.  Click  the  Refe  Files  tab  in  the  OMS  Property  Sheet  Dialog.  It 

will  appear  on  your  screen. 

Figure  1.2 


7 .  Choose  all  of  the  needed  parameters  in  the  Refe  Files  tab 
as  shown  above . 

8.  Click  the  Sens  Files  tab  in  the  OMS  Property  Sheet  Dialog.  It 

will  appear  on  your  screen. 
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Figure  1.3 


9.  Choose  all  of  the  needed  parameters  in  the  Sens  Files  tab 
as  shown  above. 

10.  Click  the  Mesh  Files  tab  in  the  OMS  Property  Sheet  Dialog.  It 

will  appear  on  your  screen. 
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Figure  1.4 


11.  Choose  all  of  the  needed  parameters  in  the  Mesh  Files  tab 
as  shown  above . 

12.  Click  the  Test  Features  tab  in  the  OMS  Property  Sheet  Dialog .  It 

will  appear  on  your  screen  again. 

13.  Click  the  Check  control  button.  The  presence  of  all 
chosen  files  in  the  project  folder  SAMPLES\STEP_1  will 
be  verified. 

14.  Click  the  OK  control  button.  The  project  file  will  be 
created,  and  all  chosen  parameters  will  be  saved  into 
it . 
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Chapter  2.  Processing  a  Project 

Files  Necessary  for  Working  with  a  Project 

Subfolder  SAMPLES\STEP_2  of  the  current  folder  contains 

the  following  bitmaps: 

1)  REFE_DARK . B1 6  -  a  dark  reference  bitmap; 

2)  SENS_DARK . B1 6  -  a  dark  sensitive  bitmap; 

3)  REFE_0FF.B16  -  a  wind-off  reference  bitmap; 

4)  SENS_0FF.B16  -  a  wind-off  sensitive  bitmap; 

5)  REFE_0N.B16  -  a  wind-on  reference  bitmap; 

6)  SENS_0N.B16  -  a  wind-on  sensitive  bitmap. 

The  following  files  with  information  concerning  markers 

should  be  in  the  same  subfolder: 

1)  HST_315DD . MPT  -  markers  on  the  image.  This  file  is 
created  manually  by  the  user.  It  will  be  used  for  3D 
transformations ; 

2)  MARK_UP.APM  -  real  3D  coordinates  of  markers  on  the 
model . 

The  following  files  with  additional  information  should  be 

in  the  same  subfolder: 

1)  STEP_2 . IMS  -  project  file  that  contains  the  information 
that  is  necessary  for  processing  the  PSP  test  data; 

2)  UP. APT  -  Geometry  of  the  model; 

3)  COEFFNEW.CLB  -  file  that  contains  the  coefficients  of 
the  calibration; 

4)  PCO_CAMERA . CAM  -  file  that  contains  the  camera 
parameters . 


Step  2.  Processing  a  Project  Using  Default  Parameters 

1.  After  running  Proimage  open  an  existing  file  STEP_2 . IMS 
that  is  located  in  subfolder  SAMPLES\STEP_2  of  the 
current  folder.  Choose  the  Open  Project...  command  from  the 
B  Convert  menu.  The  standard  Open  Dialog  will  appear  on  your 
screen . 
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Figure  2.1 


2.  Choose  the  file  STEP_2.IMS,  and  click  the  Open  control 
button.  The  Open  Dialog  will  be  closed,  and  the  wind-on 
sensitive  bitmap  will  appear  on  your  screen. 
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3.  Choose  the  Dark  Frame  Subtraction  command  from  the  B  Convert 

menu  to  subtract  dark  bitmaps  from  the  processed 
bitmaps.  The  corrected  wind-on  sensitive  bitmap  will 
appear  on  your  screen.  (Four  bitmaps--wind-of f 
reference,  wind-on  reference,  wind-off  sensitive,  and 
wind-on  sensitive--will  be  corrected.  Use  the  Image 
command  from  the  View  menu  to  switch  between  these 
bitmaps . ) 


75 


Proimage 


User's  GUIDE 


Figure  2.3 
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4.  Choose  the  Flat  Field  Correction  command  from  the  B  Convert  menu 
to  compensate  for  vignette-effect  of  the  videocamera 
objective  lens  and  the  spread  of  the  sensitivity  of  the 
photodetector  array.  The  corrected  wind-on  sensitive 
bitmap  will  appear  on  your  screen.  (Four  bitmaps--wind- 
off  reference,  wind-on  reference,  wind-off  sensitive, 
and  wind-on  sensitive--will  be  corrected.  Use  the  Image 
command  from  the  View  menu  to  switch  between  these 
bitmaps . ) 


Figure  2.4 
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5.  Choose  the  Automatic  Marking...  command  from  the  B  Convert 
menu.  The  Quick  Marker  Search  Dialog  will  appear  on  your 
screen . 

Figure  2.5 
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6.  Choose  all  of  the  needed  parameters  in  the  Quick  Marker 
Search  Dialog  as  shown  above. 

7.  Click  the  OK  control  button.  Four  bitmaps  with  markers 
will  be  created  (wind-off  reference,  wind-on  reference, 
wind-off  sensitive,  and  wind-on  sensitive) .  Use  the 
Image  command  from  the  View  menu  to  switch  between  these 
bitmaps . 
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8.  Choose  the  Markers  Precise  Position...  command  from  the  B  Convert 
menu.  The  Revise  Markers  Dialog  will  appear  on  your  screen. 

Figure  2.7 


9.  Choose  all  of  the  needed  parameters  in  the  Revise  Markers 
Dialog  as  shown  above. 

10.  Click  the  OK  control  button.  The  position  of  the 
markers  will  be  corrected. 
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Figure  2.8 
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11.  Choose  the  Hide  Markers  command  from  the  Markers  menu.  The 
special  symbols  of  the  markers  and  their  numbers  will 
become  invisible. 


Figure  2.9 
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12.  Choose  the  Fill  Up  All  Markers...  command  from  the  B  Convert  menu 
to  remove  the  marker  images  from  the  bitmaps.  The  Fill  Up 
Markers  Dialog  will  appear  on  your  screen. 
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Figure  2.10 


13.  Choose  all  of  the  needed  parameters 
Dialog  as  shown  above. 


in  the  Fill  Up  Markers 


14.  Click  the  OK  control  button.  The  position  of  the 
markers  will  be  corrected. 


Figure  2.11 
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15.  Choose  the  Filtering...  command  from  the  B  Convert  menu  to 
apply  the  2D  Gauss  filter  on  the  bitmaps.  The  Gaussian 
Filter  Parameters  Dialog  will  appear  on  your  screen. 

Figure  2.12 


16.  Choose  all  of  the  needed  parameters  in  the  Gaussian  Filter 
Parameters  Dialog  as  shown  above. 

17.  Click  the  OK  control  button. 
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18.  Choose  the  BackGround  Work...  command  from  the  B  Convert  menu 
to  remove  the  background  on  the  bitmaps.  The  BackGround 
Select/Compensate  Dialog  will  appear  on  your  screen. 

Figure  2.14 
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19.  Choose  all  of  the  needed  parameters  in  the  BackGround 
Select/Compensate  Dialog  as  shown  above. 


20.  Click  the  OK  control  button.  The  bitmaps  will  be 
corrected . 


Figure  2.15 
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21.  Choose  the  Distortion  Correction  command  from  the  B  Convert  menu 
to  compensate  for  objective-lens  distortions  of  the 
bitmaps.  This  command  may  be  used  only  once.  Then  it 
becomes  inactive. 


Figure  2.16 
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22.  Choose  the  Alignment  Images...  command  from  the  B  Convert  menu 
to  align  the  bitmaps.  The  Image  Alignment  Dialog  will  appear 
on  your  screen. 

Figure  2.17 


23.  Choose  all  of  the  needed  parameters  in  the  Image  Alignment 
Dialog  as  shown  above. 

24.  Click  the  OK  control  button.  Warning  messages  about  the 
transformation  error  will  appear  on  the  screen. 

25.  Click  the  OK  control  button,  or  press  Enter.  Four 
aligned  bitmaps  will  be  created  (wind-off  reference, 
wind-on  reference,  wind-off  sensitive,  and  wind-on 
sensitive)  .  Use  the  Image  command  from  the  View  menu  to 
switch  between  these  bitmaps . 


26.  Choose  the  Image  Convert  command  from  the  B  Convert  menu  to 
transform  the  intensity  on  the  aligned  bitmaps  to  the 
physical  parameters.  Four  bitmaps  will  be  created 
(ratio  of  the  intensity  on  the  reference  bitmap  to  the 
intensity  on  the  sensitive  bitmap,  pressure,  ratio  of 
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the  pressure  to  the  static  pressure,  and  Cp)  .  Use  the 
Image  command  from  the  View  menu  to  switch  between  these 
bitmaps.  The  Cp  flowfield  is  shown  below. 


27.  Choose  the  Final  Filtering...  command  from  the  B  Convert  menu  to 
apply  the  2D  Gauss  filter  on  the  bitmaps  with  physical 
parameters.  The  Gaussian  Filter  Parameters  Dialog  will  appear  on 
your  screen. 

Figure  2.20 


28.  Choose  all  of  the  needed  parameters  in  the  Gaussian  Filter 
Parameters  Dialog  as  shown  above. 

29.  Click  the  OK  control  button.  The  corrected  bitmap  with 
the  Cp  flowfield  will  appear  on  your  screen. 
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30.  Choose  the  Resection...  command  from  the  B  Convert  menu  to 
map  the  2D  bitmaps  (with  physical  parameters)  on  the  3D 
mesh  that  describes  the  model  surface.  The  Resection 
Methods  Dialog  will  appear  on  your  screen. 

Figure  2.22 


31.  Choose  all  of  the  needed  parameters  in  the  Resection 
Methods  Dialog  as  shown  above. 

32.  Click  the  OK  control  button.  The  Image  Alignment  Dialog  will 
appear  on  your  screen. 

Figure  2.23 


33.  Choose  all  of  the  needed  parameters  in  the  Image  Alignment 
Dialog  as  shown  above. 
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34.  Click  the  OK  control  button.  The  warning  messages 
concerning  the  transformation  error  will  appear  on  the 
screen . 


35.  Click  the  OK  control  button,  or  press  Enter.  The  3D 
flowfields  will  be  created.  For  visualization  it  is 
necessary  to  open  the  file  STEP_2.XYZ  (it  is  created  at 
Step  36)  using  the  ProField  application. 


Figure  2.24 
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36.  Choose  the  Save  Results  command  from  the  B  Convert  menu  to 

save  the  active  project  and  the  results  of  the  data 
processing.  Four  bitmaps  will  be  written  on  the  disk 
(STEP_2_P_T0_PST . IMP,  STEP_2_IREFE_ISENS . IMP, 

STEP_2_PRESSURE . IMP,  and  STEP_2_CP . IMP) .  These  files 
contain  the  bitmaps  of  the  physical  parameters  and  the 
markers  on  them.  Also  the  file  with  3D  flowfields  will 
be  written  on  the  disk  (STEP_2.XYZ) . 

37.  Choose  the  Close  Project  command  from  the  B  Convert  menu  to 
close  the  project  file. 
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Step  3.  Processing  a  Project  Automatically 

Subfolder  SAMPLES\STEP_3  of  the  current  folder  contains 
all  of  the  files  necessary  to  process  the  project  (for 
additional  information  see  Step  2). 


1.  Open  an  existing  file  STEP_3.IMS  that  is  located  in 
subfolder  SAMPLES\STEP_3  of  the  current  folder  (for 
additional  information  see  Steps  1-2  of  Step  2.)  The 
wind-on  sensitive  bitmap  will  appear  on  your  screen. 
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2.  Choose  the  Automatic  Convert...  command  from  the  B  Convert 
menu.  The  Automatic  Convert  Scenario  Dialog  will  appear  on  your 
screen . 


87 


Proimage 


User's  GUIDE 


Figure  3.2 


3.  Choose  all  of  the  needed  parameters  in  the  Automatic 
Convert  Scenario  Dialog  as  shown  above. 

4.  Click  the  OK  control  button.  Steps  3-35  of  Step  2  will 
be  performed.  Default  parameters  will  be  used  in  the 
Dialogs.  To  change  them  you  may  click  the  necessary 
control  buttons,  and  the  appropriate  Dialog  will  appear 
on  your  screen. 

Four  bitmaps  will  be  created  (ratio  of  the  intensity  on 
the  reference  bitmap  to  the  intensity  on  the  sensitive 
bitmap,  pressure,  ratio  of  the  pressure  to  the  static 
pressure,  and  Cp)  .  Use  the  Image  command  from  the  View 
menu  to  switch  between  these  bitmaps.  Also  3D 
flowfields  will  be  created. 

The  Cp  flowfield  is  shown  below. 
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5.  Choose  the  Save  Results  command  from  the  B  Convert  menu  to 
save  the  active  project  and  the  results  of  the  data 
processing.  Four  bitmaps  will  be  written  on  the  disk 
( STEP_3_P_T0_PST . IMP,  STEP_3_IREFE_ISENS . IMP, 

STEP_3_PRESSURE . IMP,  and  STEP_3_CP . IMP) .  These  files 
contain  the  bitmaps  of  the  physical  parameters  and  the 
markers  on  them.  Also  the  file  with  3D  flowfields  will 
be  written  on  the  disk  (STEP_3.XYZ)  .  For  visualization 
it  is  necessary  to  open  the  file  STEP_3.XYZ  using  the 
ProField  application. 


Figure  3.4 
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6.  Choose  the  Close  Project  command  from  the  B  Convert  menu  to 
close  the  project  file. 
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Step  4.  Processing  a  List  of  Projects  Automatically 

Subfolder  SAMPLES\STEP_3  of  the  current  folder  contains 
all  of  the  files  necessary  to  process  the  project  (for 
additional  information  see  Step  2) .  The  project  files 
from  subfolders  SAMPLES\STEP_1 ,  SAMPLES \ STEP_2 ,  and 
SAMPLES \STEP_3  will  be  processed. 

1.  Choose  the  Automatic  Convert  List...  command  from  the  B  Convert 
menu.  The  Automatic  Convert  Scenario  Dialog  will  appear  on  your 
screen . 

Figure  4.1 


2.  Select  the  STEP_1.IMS  file  in  the  Files/Directory  list  using 
the  mouse . 

3.  Click  the  >  control  button.  This  file  will  be  placed  in 

the  Files  list  pane  . 
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Figure  4.2 


4.  Double  click  the  [..]  in  the  Files/Directory  list.  The  list  of 
folders  in  the  SAMPLES  folder  will  appear  on  your 
screen . 

Figure  4.3 


5.  Repeat  Steps  2-4  to  select  the  STEP_2.IMS  file  from  the 
SAMPLES \STEP_2  folder  and  the  STEP_3 . IMS  file  from  the 
SAMPLES \STEP_3  folder. 

Figure  4.4 


6.  Click  the  OK  control  button.  Three  project  files  will 
be  processed  automatically.  Steps  3-35  of  Step  2  will 
be  performed.  Default  parameters  will  be  used  in  the 
Dialogs.  To  change  these  you  may  click  the  necessary 
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control  buttons,  and  the  appropriate  Dialog  will  appear 
on  your  screen. 

Four  bitmaps  for  each  project  file  will  be  created 
(ratio  of  the  intensity  on  the  reference  bitmap  to  the 
intensity  on  the  sensitive  bitmap,  pressure,  ratio  of 
the  pressure  to  the  static  pressure,  and  Cp) .  They  will 
be  written  on  the  disk  into  the  appropriate  folder. 
These  files  contain  the  bitmaps  of  the  physical 
parameters  and  the  markers  on  them. 

Also  3D  flowfields  for  each  project  file  will  be 
created.  These  files  with  3D  flowfields  will  be  written 
on  the  disk  into  the  appropriate  folder. 
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Step  5. 


Influence  of  Dialog  Parameters 
on  the  Results  of  Project  Processing 

Subfolder  SAMPLES\STEP_5  of  the  current  folder  contains 
the  same  files  as  SAMPLES\STEP_2 ,  except  that  it  contains 
a  file  for  the  Flat  Field  Correction  and  the  following 
files  with  markers  on  the  bitmaps: 


1) 

REFE_OFF . MPT 
bitmap; 

-  markers 

on 

the 

wind-off 

reference 

2) 

SENS  OFF. MPT 

-  markers 

on 

the 

wind-off 

sensitive 

bitmap; 

3)  REFE_ON.MPT  -  markers  on  the  wind-on  reference  bitmap; 

4)  SENS_ON.MPT  -  markers  on  the  wind-on  sensitive  bitmap. 


1.  Open  an  existing  file  STEP_5.IMS  that  is  located  in 
subfolder  SAMPLES\STEP_5  of  the  current  folder  (for 
additional  information  see  Steps  1-2  of  Step  2)  .  The 
wind-on  sensitive  bitmap  will  appear  on  your  screen. 
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2.  Choose  the  Dark  Frame  Subtraction  command  from  the  B  Convert 

menu  to  subtract  the  dark  bitmaps  from  the  processed 
bitmaps.  The  corrected  wind-on  sensitive  bitmap  will 
appear  on  your  screen.  (Four  bitmaps — wind-off 
reference,  wind-on  reference,  wind-off  sensitive,  and 
wind-on  sensitive--will  be  corrected.  Use  the  Image 
command  from  the  View  menu  to  switch  between  these 
bitmaps . ) 
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Figure  5.2 
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3.  Choose  the  Flat  Field  Correction  command  from  the  B  Convert  menu 
to  compensate  for  distortions  of  the  videocamera 
objective  lens  and  the  spread  of  the  sensitivity  of  the 
photodetector  array.  The  corrected  wind-on  sensitive 
bitmap  will  appear  on  your  screen.  (Four  bitmaps--wind- 
off  reference,  wind-on  reference,  wind-off  sensitive, 
and  wind-on  sensitive--will  be  corrected.  Use  the  Image 
command  from  the  View  menu  to  switch  between  these 
bitmaps . ) 


.3000 
.2700 
_L2W 
.2100 
_l  1300 
1500 

.  1200 


1 


900 

600 

300 


94 


Proimage 


User's  GUIDE 


4.  Choose  the  Automatic  Marking...  command  from  the  B  Convert 
menu.  The  Quick  Marker  Search  Dialog  will  appear  on  your 
screen . 

Figure  5.4 
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5.  Choose  all  of  the  needed  parameters  in  the  Quick  Marker 
Search  Dialog  as  shown  above.  In  the  case  of  chosen 
parameters  (the  Select  only  fixed  markers  check  box  is  turned 
on) f  only  fixed  markers  will  be  copied. 

6.  Click  the  OK  control  button.  Four  bitmaps  with  markers 
will  be  created  (wind-off  reference,  wind-on  reference, 
wind-off  sensitive,  and  wind-on  sensitive) .  Use  the 
Image  command  from  the  View  menu  to  switch  between  these 
bitmaps . 
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7.  Choose  the  Automatic  Marking...  command  from  the  B  Convert 
menu.  The  Quick  Marker  Search  Dialog  will  appear  on  your 
screen  again. 

8.  Turn  off  the  Select  only  fixed  markers  check  box;  type  "7"  in 
the  Markers  Radius  text  box;  and  click  the  OK  control 
button.  The  number  of  markers  will  more  than  Markers 
Radius  is  equal  to  "2". 

3300 

3000 

2700 

2400 

2100 

1300 

1500 

1200 

900 

600 


9.  Choose  the  Automatic  Marking...  command  from  the  B  Convert 
menu.  The  Quick  Marker  Search  Dialog  will  appear  on  your 
screen  again. 
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10.  Turn  on  the  Output  As  Is  radio  button  in  the  Output  pane  and 
the  Entropy  Based  radio  button  in  the  Threshold  pane.  Click 
the  OK  control  button.  The  number  of  markers  will 
increase . 
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11.  Choose  the  BackGround  Work...  command  from  the  B  Convert  menu 
to  remove  the  background  on  the  bitmaps .  The  BackGround 
Select/Compensate  Dialog  will  appear  on  your  screen. 
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Figure  5.8 


12.  Choose  all  of  the  needed  parameters  in  the  BackGround 
Select/Compensate  Dialog  as  shown  above. 


13.  Click  the  OK  control  button.  All  of  the  intensities  on 
the  bitmaps  that  are  less  than  500  will  become 
background . 


Figure  5.8 
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14.  Choose  the  BackGround  Work...  command  from  the  B  Convert  menu. 
The  BackGround  Select/Compensate  Dialog  will  appear  on  your 
screen  again. 


15.  Turn  on  the  by  Scaled  Image  Average  radio  button,  and  type 
"0.5"  in  the  Scale  text  box  in  the  BackGround  Select  pane. 
Click  the  OK  control  button.  All  of  the  intensities  on 
the  bitmaps  that  are  less  than  one-half  of  the  average 
intensity  will  become  background. 


Figure  5.9 
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16.  Choose  the  BackGround  Work...  command  from  the  B  Convert  menu. 
The  BackGround  Select/Compensate  Dialog  will  appear  on  your 
screen  again. 

17.  Turn  off  the  BackGround  Select  check  box,  and  turn  on  the 

BackGround  Compensate  check  box  in  the  Mode  of  Operation  pane. 
Type  "60"  in  the  Value  text  box.  Click  the  OK  control 
button.  All  of  the  intensities  on  the  bitmaps  will  be 
diminished  by  60. 
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Figure  5.10 
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18.  Choose  the  BackGround  Work...  command  from  the  B  Convert  menu. 
The  BackGround  Select/Compensate  Dialog  will  appear  on  your 
screen  again. 


19.  Turn  on  the  by  2  Sides  Strap  Interpolation  radio  button,  and  type 
"50"  in  the  Side  Straps  Width  text  box  in  the  BackGround 
Compensate  pane.  Click  the  OK  control  button. 


Figure  5.11 
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20.  Choose  the  Alignment  Images...  command  from  the  B  Convert  menu 
to  align  the  bitmaps.  The  Image  Alignment  Dialog  will  appear 
on  your  screen. 
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Figure  5.12 


21.  Choose  all  of  the  needed  parameters  in  the  Image  Alignment 
Dialog  as  shown  above. 


22.  Click  the  OK  control  button.  Warning  messages  about  the 
transformation  error  will  appear  on  the  screen. 


23.  Click  the  OK  control  button,  or  press  Enter.  Four 
aligned  bitmaps  will  be  created  (wind-off  reference, 
wind-on  reference,  wind-off  sensitive,  and  wind-on 
sensitive)  .  Use  the  Image  command  from  the  View  menu  to 
switch  between  these  bitmaps. 


Figure  5.13 
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24.  Choose  the  Image  Convert  command  from  the  B  Convert  menu  to 
transform  the  intensity  on  the  aligned  bitmaps  to  the 
physical  parameters.  Four  bitmaps  will  be  created 
(ratio  of  the  intensity  on  reference  bitmap  to  the 
intensity  on  the  sensitive  bitmap,  pressure,  ratio  of 
the  pressure  to  the  static  pressure,  and  Cp)  .  Use  the 
Image  command  from  the  View  menu  to  switch  between  these 
bitmaps.  The  Cp  flowfield  is  shown  below. 
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Figure  5.14 


25.  Choose  the  Resection...  command  from  the  B  Convert  menu  to 
map  2D  bitmaps  (with  physical  parameters)  on  the  3D 
mesh  that  describes  the  model  surface.  Then  the  Resection 
Methods  Dialog  will  appear  on  your  screen. 

Figure  5.15 


26.  Choose  all  of  the  needed  parameters  in  the  Resection 
Methods  Dialog  as  shown  above. 

27.  Click  the  OK  control  button.  The  Image  Alignment  Dialog  will 
appear  on  your  screen. 

Figure  5.16 


28.  Choose  all  of  the  needed  parameters  in  the  Image  Alignment 
Dialog  as  shown  above. 
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29.  Click  the  OK  control  button.  Wwarning  messages  about 
the  transformation  error  will  appear  on  the  screen. 


30.  Click  the  OK  control  button,  or  press  Enter.  The  3D 
flowfields  will  be  created.  For  visualization  it  is 
necessary  to  open  the  file  STEP_5.XYZ  (it  is  created  at 
Step  31)  using  the  ProField  application.  An  inaccurate 
Flowfield  is  caused  by  poor  Alignment  and  poor 
Resection.  The  violet  parts  of  the  Flowfield  are 
attributed  to  background  due  to  discrepancy. 


Figure  5.17 


31.  Choose  the  Save  Results  command  from  the  B  Convert  menu  to 

save  the  active  project  and  the  results  of  the  data 
processing.  Four  bitmaps  will  be  written  on  the  disk 
(STEP_5_P_TO_PST . IMP,  STEP_5_IREFE_ISENS . IMP, 

STEP_5_PRESSURE . IMP,  and  STEP_5_CP . IMP) .  These  files 
contain  the  bitmaps  of  the  physical  parameters  and  the 
markers  on  them.  Also  the  file  with  3D  flowfields  will 
be  written  on  the  disk  (STEP_5.XYZ) . 

32.  Choose  the  Close  Project  command  from  the  B  Convert  menu  to 
close  the  project  file. 
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Chapter  3.  Editing  a  Single  Bitmap 

Step  6.  Editing  the  Intensity  Values  on  a  Bitmap 

1.  After  running  Proimage  open  an  existing  bitmap  STEP_6 . P 
that  is  located  in  subfolder  SAMPLES\STEP_6  of  the 
current  folder: 

•  Choose  the  Open...  command  from  the  File  menu, 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  6.1 

& 

The  standard  Open  Dialog  will  appear  on  your  screen. 

Figure  6.2 


2.  Choose  the  file  STEP_6.P,  and  click  the  Open  control 
button.  The  Open  Dialog  will  be  closed,  and  the  bitmap 
will  appear  on  your  screen. 
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Figure  6.3 
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3.  Choose  the  Arithmetic...  command  from  the  Edit  menu.  The 
Arithmetic  Operations  with  Constant  Diaiog  will  appear  on  your 
screen . 

Figure  6.4 
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4 .  Choose  all  of  the  needed  parameters  in  the  Arithmetic 
Operations  with  Constant  Diaiog  as  shown  above  . 

5.  Click  the  OK  control  button.  The  palette  in  the  right- 
hand  portion  of  the  application  window  will  be  changed, 
and  the  level  of  intensity  on  the  bitmap  will  be 
increased  by  10. 
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Figure  6.5 


6.  To  create  a  mask  region  on  the  bitmap: 

Choose  the  Mask  by  Boxes  command  from  the  Mask  menu, 
or 

Click  the  following  icon  from  the  upper  toolbar: 

Figure  6.6 

The  cursor  shape  will  be  changed  to  ~tl. 

7.  Press  the  left  mouse  button,  and  move  the  mouse.  Choose 
the  desired  box  size,  and  release  the  mouse.  The 
selected  part  of  bitmap  will  be  represented  with  bright 
colors  and  the  out-mask  region  with  muted  colors. 
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8.  Repeat  Step  6-7,  and  create  an  additional  mask  region 
on  the  bitmap. 


9.  Choose  the  Flood  in  Masked  Regions...  command  from  the  Edit 
menu.  The  Flood  In  Masked  Region  With  User  Defined  Value  Dialog  will 
appear  on  your  screen. 
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Figure  6.9 
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10.  Choose  all  of  the  needed  parameters  in  the  Flood  In  Masked 
Region  With  User  Defined  Value  Dialog  as  shown  above  . 

11.  Click  the  OK  control  button.  The  intensity  in  the 
masked  regions  will  be  equal  to  15. 

Figure  6.10 
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12.  Choose  the  Close  command  from  the  File  menu  to  close  the 
bitmap . 

13.  Open  an  existing  file  STEP_6.P  again  (or  more 
information  see  Steps  1-2).  Figure  6.3  will  appear  on  your 
screen . 

14.  Choose  the  Cut  Off  Intensities...  command  from  the  Edit  menu.  The 
Cut  Off  Intensities  Dialog  will  appear  on  your  screen. 

Figure  6.11 
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15.  Choose  all  of  the  needed  parameters  in  the  Cut  Off  Intensities 
Dialog  as  shown  above. 


16.  Click  the  OK  control  button.  The  palette  in  the  right- 
hand  portion  of  the  application  window  will  be  changed, 
and  the  limits  of  intensity  on  the  bitmap  will  be  equal 
to  0.2  and  0.9. 
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17.  To  rotate  the  bitmap  choose  the  Flip/Rotate...  command  from 
the  Edit  menu.  The  Flip/Rotate  Dialog  will  appear  on  your 
screen . 

Figure  6.13 


18.  Choose  all  of  the  needed  parameters  in  the  Flip/Rotate  Dialog 
as  shown  above. 

19.  Click  the  OK  control  button.  The  bitmap  will  be 
rotated . 
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20.  To  create  a  mask  region  on  the  bitmap: 

Choose  the  Mask  by  Polygon  command  from  the  Mask  menu, 
or 

Click  the  following  icon  from  the  upper  toolbar: 

Figure  6.15 

s 

The  cursor  shape  will  be  changed  to  +  . 


21.  Click  the  mouse  to  fix  the  polyline  nodes  at  some 
points.  Click  the  mouse  at  the  first  node  to  close  the 

polyline.  The  cursor  shape  will  be  changed  to  Click 
inside  (outside)  the  polygon.  The  inner  (outer)  region 
of  the  bitmap  will  be  represented  with  bright  colors 
and  the  out-mask  region  with  muted  colors. 
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Figure  6.16 
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22.  Choose  the  Fill  Up...  command  from  the  Edit  menu.  The  Eight 
Connected  Float  Fill  Up  Dialog  will  appear  on  your  screen. 

Figure  6.17 


23.  Choose  all  of  the  needed  parameters  in  the  Eight  Connected 
Float  Fill  Up  Dialog  as  shown  above  . 

24.  Click  the  OK  control  button.  The  intensity  in  the 
masked  region  will  be  changed  using  bilinear 
interpolation . 
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Figure  6.18 


25.  Choose  the  Close  command  from  the  File  menu  to  close  the 
bitmap . 

26.  Open  an  existing  file  STEP_6 . P  again  (for  additional 
information  see  Steps  1-2)  .  Figure  6.3  will  appear  on  your 
screen . 

27.  Open  an  existing  file  with  coordinates  of  the  markers 
STEP_6.MRK  that  is  located  in  the  same  folder.  Choose 
the  Open  Markers...  command  from  the  Markers  menu.  The 
standard  Open  Dialog  will  appear  on  your  screen. 

Figure  6.19 


28.  Choose  the  file  STEP_6.MRK,  and  click  the  Open  control 
button.  The  Open  Dialog  will  be  closed,  and  the  markers  on 
the  bitmap  will  appear  on  your  screen. 
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29.  To  add  new  markers: 

•  Choose  the  Mark...  command  from  the  Markers  menu, 

or 


•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  6.21 

El 

The  Mark  Options  Dialog  will  appear  on  your  screen. 


Figure  6.22 


30.  Choose  all  of  the  needed  parameters  in  the  Mark  Options 
Dialog  as  shown  above. 

31.  Click  the  OK  control  button.  The  cursor  shape  is 

changed  to  Click  at  the  points  on  the  bitmap,  and 

the  markers  will  be  placed  at  these  points. 


113 


Proimage 


User's  GUIDE 


Figure  6.23 


32.  To  turn  off  the  regime  of  markers  selected,  choose  the 
Mark...  command  from  the  Markers  menu  again. 

33.  To  hide  the  images  of  the  markers  on  the  bitmap,  choose 
the  Hide  Markers  command  from  the  Markers  menu. 

Figure  6.24 


34 .  To  remove  the  dark  spots  of  the  marker  images  from  the 
bitmap,  choose  the  Fill  Up  Markers...  command  from  the  Edit 
menu.  The  Fill  Up  Markers  Dialog  will  appear  on  your  screen. 
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Figure  6.25 


35.  Choose  all  of  the  needed  parameters  in  the  Fill  Up  Markers 
Dialog  as  shown  above. 

36.  Click  the  OK  control  button.  The  regions  of  the  markers 
will  be  bi-interpolated  using  region  boundary  points  on 
the  bitmap.  (The  region  of  the  marker  is  the  circle 
with  the  center  at  the  point  where  the  marker  has  been 
placed . ) 


Figure  6.26 


37.  Create  mask  regions  on  the  bitmap  (for  additional 
information  see  Steps  6-7)  . 
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Figure  6.27 


38.  Choose  the  Flat  Filter...  command  from  the  Edit  menu.  The  Flat 
Round  Filter  Dialog  will  appear  on  your  screen. 

Figure  6.28 


39.  Choose  all  of  the  needed  parameters  in  the  Flat  Round  Filter 
Dialog  as  shown  above. 

40.  Click  the  OK  control  button.  The  intensity  in  the 
masked  regions  will  be  changed  using  the  flat  filter. 
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Figure  6.29 


41.  Choose  the  Close  command  from  the  File  menu  to  close  the 
bitmap . 

42.  Open  an  existing  file  STEP_6 . P  again  (for  additional 
information  see  Steps  1-2)  .  Figure  6.3  will  appear  on  your 
screen . 

43.  Choose  the  Gauss  Filter...  command  from  the  Edit  menu.  The 
Gaussian  Filter  Dialog  will  appear  on  your  screen. 

Figure  6.31 


44.  Choose  all  of  the  needed  parameters  in  the  Gaussian  Filter 
Dialog  as  shown  above. 

45.  Click  the  OK  control  button.  The  intensity  on  the 
bitmap  will  be  changed  using  the  Gauss  filter. 
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Figure  6.32 


46.  Choose  the  Close  command  from  the  File  menu  to  close  the 
bitmap . 

47.  Open  an  existing  file  STEP_6 . P  again  (for  additional 
information  see  Steps  1-2)  .  Figure  6.3  will  appear  on  your 
screen . 

48.  Create  mask  regions  on  the  bitmap  (for  additional 
information  see  Steps  6-7.) 

Figure  6.33 
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49.  Choose  the  Median  Filter...  command  from  the  Edit  menu.  The 
Median  Filter  Dialog  will  appear  on  your  screen. 

Figure  6.34 


50.  Choose  all  of  the  needed  parameters  in  the  Median  Filter 
Dialog  as  shown  above. 

51.  Click  the  OK  control  button.  The  intensity  in  the 
masked  regions  will  be  changed  using  the  median  filter. 

Figure  6.35 


52.  Choose  the  Ranged  Filter...  command  from  the  Edit  menu.  The 
Ranged  Filter  Dialog  will  appear  on  your  screen. 
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Figure  6.36 


53.  Choose  all  of  the  needed  parameters  in  the  Ranged  Filter 
Dialog  as  shown  above. 


54.  Click  the  OK  control  button.  The  intensity  in  the 
masked  regions  will  be  filtrated. 


Figure  6.37 
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55. To  undo  the  mask  selection: 

Choose  the  Mask  All  command  from  the  Mask  menu, 
or 

Click  the  following  icon  from  the  upper  toolbar: 

Figure  6.38 

ml 


The  entire  bitmap  will  be  represented  with  bright 
colors . 
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Figure  6.39 
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56.  Choose  the  3D  Filter...  command  from  the  Edit  menu.  The  3D 

Round  Gaussian  Filter  Dialog  will  appear  on  your  screen. 

Figure  6.40 


57 .  Choose  all  of  the  needed  parameters  in  the  3D  Round 
Gaussian  Filter  Dialog  as  shown  above. 

58.  Click  the  OK  control  button.  The  intensity  in  the 
masked  regions  will  be  filtrated. 


121 


Proimage 


User's  GUIDE 


Figure  6.41 
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59.  Choose  the  Thinning...  command  from  the  Edit  menu.  The 
Thinning  Dialog  will  appear  on  your  screen. 

Figure  6.42 


60.  Choose  all  of  the  needed  parameters  in  the  Thinning  Dialog 
as  shown  above. 

61.  Click  the  OK  control  button. 
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62.  Choose  the  Expansion...  command  from  the  Edit  menu.  The 
Spread  Dialog  will  appear  on  your  screen. 

Figure  6.44 


63.  Choose  all  of  the  needed  parameters  in  the  Spread  Dialog 
as  shown  above . 

64.  Click  the  OK  control  button. 
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Figure  6.45 
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65.  Choose  the  Weighted  Hybrid  Map...  command  from  the  Edit  menu. 
The  Image  Histogram  Dialog  will  appear  on  your  screen. 

Figure  6.46 


66.  Choose  all  of  the  needed  parameters  in  the  Image  Histogram 
Dialog  as  shown  above. 

67.  Click  the  OK  control  button. 
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Figure  6.47 
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Step  7.  Removing  Background  from  a  Bitmap 


1.  After  running  Proimage ,  open  an  existing  bitmap 
STEP_7.B16  that  is  located  in  the  subfolder 
SAMPLES\STEP_7  of  the  current  folder  (for  additional 
information  see  Steps  1-2  of  Step  6) . 
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2.  Choose  the  BackGround...  command  from  the  Tools  menu  to 
remove  the  background  on  the  bitmap.  The  BackGround 
Select/Compensate  Dialog  will  appear  on  your  screen. 
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Figure  7.2 


3.  Choose  all  of  the  needed  parameters 

Select/Compensate  Dialog  as  shown  above. 


in  the  BackGround 


4.  Click  the  OK  control  button.  All  of  the  intensities  on 
the  bitmaps  that  are  less  than  the  average  intensity 
will  be  background. 


Figure  7.3 
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5.  Choose  the  BackGround...  command  from  the  Tools  menu.  The 
BackGround  Select/Compensate  Dialog  will  appear  on  your  screen 
again . 


6.  Turn  on  the  by  Threshold  Value  radio  button ,  and  type  "1000" 

in  the  Threshold  Value  text  box  in  the  BackGround  Select  pane . 
Click  the  OK  control  button.  All  of  the  intensities  on 
the  bitmap  that  are  less  than  1000  will  become 
background . 


Figure  7.4 
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7.  Choose  the  BackGround...  command  from  the  Tools  menu.  The 
BackGround  Select/Compensate  Dialog  will  appear  on  your  screen 
again . 


8.  Turn  on  the  by  Scaled  Image  Average  radio  button,  and  type 
"0.5"  in  the  Scale  text  box  in  the  BackGround  Select  pane. 
Click  the  OK  control  button.  All  of  the  intensities  on 
the  bitmap  that  are  less  than  one-half  of  the  average 
intensity  will  be  background. 
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Figure  7.5 
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9.  Choose  the  BackGround...  command  from  the  Tools  menu.  The 
BackGround  Select/Compensate  Dialog  will  appear  on  your  screen 
again . 


10.  Turn  off  the  BackGround  Select  check  box,  and  turn  on  the 

BackGround  Compensate  check  box  in  the  Mode  of  Operation  pane. 

Turn  on  the  by  Value  radio  button,  and  type  "300"  in  the 
Value  text  box.  Click  the  OK  control  button.  The  palette 
in  the  right-hand  portion  of  the  application  window 
will  be  changed,  and  all  of  the  intensities  on  the 
bitmap  will  be  diminished  by  300. 


Figure  7.4 
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11.  Choose  the  BackGround...  command  from  the  Tools  menu.  The 
BackGround  Select/Compensate  Dialog  will  appear  on  your  screen 
again . 


12.  Turn  on  the  by  2  Sides  Strap  Interpolation  radio  button,  and  type 
"100"  in  the  Side  Straps  Width  text  box  in  the  BackGround 
Compensate  pane.  Click  the  OK  control  button.  The  bitmap 
will  be  corrected. 


Figure  7.5 
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Chapter  4.  Preparing  Project  File  for  ProField  Application 

Step  8.  Preparing  a  File  for  ProField  Application 

The  subfolder  SAMPLES\STEP_8  of  the  current  folder 
contains  all  of  the  files  necessary  to  process  the 
project  (for  additional  information  see  Step  2). 

1.  Open  an  existing  file  STEP_8.IMS  that  is  located  in  the 
subfolder  SAMPLES\STEP_8  of  the  current  folder  (for 
additional  information  see  Steps  1-2  of  Step  2)  .  The 
wind-on  sensitive  bitmap  will  appear  on  your  screen. 
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=igure  8.1 


2.  Repeat  Steps  3-4  of  Step  2  with  the  same  parameters. 
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Figure  8.2 
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3.  Choose  the  Automatic  Marking...  command  from  the  B  Convert 
menu.  The  Quick  Marker  Search  Dialog  will  appear  on  your 
screen . 

Figure  8.3 
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4.  Choose  all  of  the  needed  parameters  in  the  Quick  Marker 
Search  Dialog  as  shown  above. 


5.  Click  the  OK  control  button.  Four  bitmaps  with  markers 
will  be  created  (wind-off  reference,  wind-on  reference, 
wind-off  sensitive,  and  wind-on  sensitive) .  Use  the 
Image  command  from  the  View  menu  to  switch  between  these 
bitmaps . 
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Figure  8.4 


Steps  8-21  of  Step  2  with  the  same  parameters. 
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7.  To  restore  the  3D  Flowfields  from  all  of  the  project 
bitmaps f  choose  the  Resection...  command  from  the  OMS  Field 
menu.  The  Resection  Methods  Dialog  will  appear  on  your 
screen . 


Figure  8.5 


8.  Choose  all  of  the  needed  parameters  in  the  Resection 
Methods  Dialog  as  shown  above. 

Note.  It  is  recommended  that  the  Resect  1  be  used  when  3D 
markers  are  measured  with  mean  accuracy.  In  this  case 
the  Resect  1  yields  a  reliable  solution.  It  is 
recommended  that  the  Resect  2  be  used  when  the  3D  markers 
are  measured  with  extremely  high  accuracy.  Although  the 
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Resect  2  yields  a  more  exact  solution  than  Resect  1,  the 
solution  is  not  so  reliable. 

9.  Click  the  OK  control  button.  Warning  messages  about  the 
transformation  error  will  appear  on  the  screen. 

10.  Click  the  OK  control  button,  or  press  Enter. 
STEP_8.XYZ  will  be  created.  It  contains  3D  flowfields 
that  are  mapped  from  the  wind-off  reference,  wind-off 
sensitive,  wind-on  reference,  and  wind-on  sensitive 
bitmaps.  The  bitmaps  with  markers  are  also  mapped  on 
the  3D  mesh  to  create  appropriate  3D  Flowfields. 

11.  Choose  the  Close  Project  command  from  the  B  Convert  menu  to 
close  the  project  file. 
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Chapter  1.  Processing  a  Project 

Files  Necessary  for  Working  with  a  Project 

Subfolder  SAMPLES\STEP_1  of  the  current  folder  contains 
the  STEP_1.XYZ  file.  This  file  was  created  in  the 
Proimage  application.  For  additional  information 
concerning  its  creation,  see  Step  8  of  Proimage  How  to... 

This  subfolder  also  contains  the  following  bitmaps: 

1)  REFE_DARK . B1 6  -  a  dark  reference  bitmap; 

2)  SENS_DARK . B1 6  -  a  dark  sensitive  bitmap; 

3)  REFE_0FF.B16  -  a  wind-off  reference  bitmap; 

4)  SENS_0FF.B16  -  a  wind-off  sensitive  bitmap; 

5)  REFE_0N.B16  -  a  wind-on  reference  bitmap; 

6)  SENS_0N.B16  -  a  wind-on  sensitive  bitmap. 

The  subfolder  contains  the  following  files  with 
information  concerning  markers: 


1) 

REFE  OFF. MPT 
bitmap; 

-  markers 

on 

the 

wind-off 

reference 

2) 

SENS  OFF. MPT 

-  markers 

on 

the 

wind-off 

sensitive 

bitmap; 

3)  REFE_ON.MPT  -  markers  on  the  wind-on  reference  bitmap; 

4)  SENS_ON.MPT  -  markers  on  the  wind-on  sensitive  bitmap; 

5)  HST_315DD . MPT  -  markers  on  the  image.  This  file  is 
created  manually  by  the  user  and  used  for  3D 
transformations ; 

6)  MARK_UP.APM  -  real  3D  coordinates  of  markers  on  the 
model . 

This  subfolder  contains  the  following  files  with 

additional  information: 

1)  STEP_1 . IMS  -  project  file  containing  the  information 
necessary  for  processing  the  PSP  test  data; 

2)  UP. APT  -  file  containing  the  geometry  of  the  model; 

3)  COEFFNEW.CLB  -  file  containing  the  coefficients  of  the 
calibration; 

4)  PCO_CAMERA . CAM  -  file  containing  the  camera  parameters. 
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Step  1.  Calculating  the  Cp  Flowfield 

1.  After  running  ProField,  open  an  existing  file 
STEP_1 . IMS  that  is  located  in  the  subfolder 
SAMPLES\STEP_1  of  the  current  folder.  Choose  the  Open 
Project...  command  from  the  OMS  Field  menu.  The  standard  Open 
Dialog  will  appear  on  your  screen. 

Figure  1.1 


2.  Choose  the  file  STEP_1.IMS,  and  click  the  Open  control 
button.  The  Open  Dialog  will  be  closed,  and  the  OMS  Property 
Sheet  Dialog  will  appear  on  your  screen. 

This  project  works  with  two  fields  transferred  on  the  3D 
geometry:  "sens"  -  ratio  of  the  wind-on  to  wind-off 
sensitive  images  and  "refe"  -  ratio  of  the  wind-on  to 
wind-off  reference  images.  These  fields  were  created  using 
the  "step_2pr . ims"  and  step_2re.ims  projects  included  in 
the  step_2  subdirectory  of  the  Sample_ProImage  directory. 

Significant  angular  parallax  between  the  CCD  cameras 
acquiring  reference  and  sensitive  images  for  bi- 
luminophore  paint  application  can  create  a  problem  in 
alignment  between  the  sensitive  and  reference  channels. 
In  this  case  it  is  more  desirable  to  align  independently 
the  images  in  the  sensitive  and  reference  channels.  The 
2D-3D  command  in  the  Proimage  Program  allows  the 
possibility  of  transferring  all  four  source  images  on  the 
mesh  (after  background  subtraction,  flat  field  and 
distortion  correction) . 
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Figure  1.2 


3.  Click  the  OK  control  button.  The  OMS  Property  Sheet  Dialog 

will  be  closed,  and  the  Geometry  will  appear  on  your 
screen . 
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Figure  1.3 


4.  To  rotate  the  Geometry  on  your  screen: 

•  Choose  the  Rotate  command  from  the  View  menu, 

or 


•  Click  the  following  icon  from  the  upper  toolbar: 

Fiaure  1.4 


The  cursor  shape  will  be  changed  to 


5.  Press  the  left  mouse  button,  and  drag  the  mouse.  The 
Geometry  will  be  rotated  around  the  axis  that  is 
directed  from  the  point  of  view  to  the  center  of  the 
model  while  moving  the  mouse.  Release  the  mouse  button 
at  the  final  position  of  the  Geometry. 


Figure  1.5 
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6.  Choose  the  Cp  Calculation...  command  from  the  OMS  Field  menu. 
The  Cp  calculation  Options  Dialog  will  appear  on  your  screen. 

Figure  1.6 


7 .  Choose  all  of  the  needed  parameters  in  the  Cp  calculation 
Options  Dialog  as  shown  above  . 


8.  Click  the  OK  control  button.  The  3D  Cp  flowfield  will 
appear  on  your  screen. 

9.  To  represent  the  Cp  flowfield  in  a  more  desirable  view, 
choose  the  Appearance...  command  from  the  Options  menu.  The 
Appearance  Dialog  will  appear  on  your  screen. 
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Figure  1.7 


10.  Choose  all  of  the  needed  parameters  in  the  Appearance 
Dialog 

11.  Click  the  OK  control  button.  The  palette  will  appear 
in  the  right-hand  portion  of  your  screen. 

Figure  1.8 
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12.  Click  the  Options  control  button  at  the  bottom  of  the 
palette.  The  Spectrum  Appearance  Dialog  will  appear  on  your 
screen . 

13.  Choose  all  of  the  needed  parameters  in  the  Spectrum 
Appearance  Dialog . 

14.  Click  the  OK  control  button.  The  3D  Cp  flowfield  will 
appear  on  your  screen.  It  may  be  compared  with  the  3D 
Cp  flowfield  that  was  obtained  in  Step  2  of  Proimage 
How  To . 

15.  Choose  the  Save  Results  command  from  the  OMS  Field  menu  to 
save  the  result  of  the  Cp  calculation. 

16.  Choose  the  Close  Project  command  from  the  OMS  Field  menu  to 
close  the  project  file. 
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Chapter  2.  Simple  Operations  with  Files 


Step  2.  Editing  the  Geometry  and  Flowfield 


1.  Open  an  existing  file  STEP_2.FLD  that  is  located  in 
subfolder  SAMPLES\STEP_2  of  the  current  folder: 

•  Choose  the  Open...  command  from  the  File  menu, 

or 


•  Click  the  following  icon  from  the  upper  toolbar: 

Fiaure  2.1 


The  standard  Open  Dialog  will  appear  on  your  screen. 

Figure  2.2 


2.  Choose  the  file  STEP_2.P,  and  click  the  Open  control 
button.  The  Open  Dialog  will  be  closed,  and  the  Geometry 
will  appear  on  your  screen. 

Figure  2.3 
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3 .  To  view  separate  blocks  of  Geometry,  choose  the 

Appearance...  command  from  the  Options  menu.  The  Appearance 
Dialog  will  appear  on  your  screen. 

Figure  2.4 


4.  Choose  all  of  the  needed  parameters  in  the  Appearance  Dialog 
as  shown  above. 

5.  Click  the  OK  control  button.  The  blocks  will  be 
represented  with  different  colors,  and  the  front  blocks 
will  be  displayed  as  a  grid. 


Figure  2.5 


6.  To  select  a  part  of  the  Geometry: 

•  Choose  the  Select...  command  from  the  Edit  menu, 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 
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Figure  2.6 

m 

The  Select  Dialog  will  appear  on  your  screen. 

Figure  2.7 


7.  Choose  all  of  the  needed  parameters  in  the  Select  Dialog  as 
shown  above . 

8.  Click  the  OK  control  button. 

9.  Click  the  necessary  block.  The  nodes  of  this  block  will 


be  represented  as  red  markers. 

Figure  2.8 


10. To  magnify  a  portion  of  the  screen  on  your  screen: 

•  Choose  the  Zoom  Rectangle  command  from  the  View  menu, 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  2.9 
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The  cursor  shape  will  be  changed  to 


11.  Press  the  left  mouse  button,  and  drag  the  mouse.  The 
new  picture  fragment  will  be  limited  by  the  rectangle 
appearing  on  the  screen.  Releasing  the  mouse  button 
rescales  the  picture. 


Figure  2.10 

"Y 

E - -X 


12 .  Choose  the  Destruct  Mesh...  command  from  the  Edit  menu.  The 
Destruct  Mesh  Dialog  will  appear  on  your  screen. 

Figure  2.11 


13.  Choose  all  of  the  needed  parameters  in  the  Destruct  Mesh 
Dialog  as  shown  above . 

14.  Click  the  OK  control  button.  The  grid  of  the  selected 
block  will  become  unstructured. 
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15.  Choose  the  Undo  command  from  the  Edit  menu.  The  grid  of 
the  selected  block  will  return  to  the  structured  form. 
Figure  2.10  will  appear  on  your  screen. 


16.  Choose  the  Redirect  Normal  command  from  the  Edit  menu.  The 
normal  of  the  selected  block  will  become  opposite. 


17.  Choose  the  Undo  command  from  the  Edit  menu.  The  normal  of 
the  selected  block  will  return  to  the  initial  one. 
Figure  2.10  will  appear  on  your  screen. 


18. To  show  the  Cp  flowfield: 

•  Choose  the  Field  Variables...  command  from  the  Options  menu, 

or 


•  Click  the  following  icon  from  the  upper  toolbar: 

Fiaure  2.14 
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The  Field  Variables  Dialog  will  appear  on  your  screen. 

Figure  2.15 


19.  Choose  all  of  the  needed  parameters  in  the  Field  Variables 
Dialog  as  shown  above . 

20.  Click  the  OK  control  button.  The  Cp  flowfield  will 
appear  on  your  screen.  (Figure  2.10  will  appear  on  your 
screen . ) 

21.  To  view  the  Flowfield,  choose  the  Appearance...  command 
from  the  Options  menu.  The  Appearance  Dialog  will  appear  on 
your  screen  again. 

Figure  2.16 


22.  Choose  all  of  the  needed  parameters  in  the  Appearance  Dialog 
as  shown  above. 

23.  Click  the  OK  control  button. 
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24.  Choose  the  Filter...  command  from  the  Edit  menu.  The  Field 
Filtering  Dialog  will  appear  on  your  screen. 

Figure  2.18 


25.  Choose  all  of  the  needed  parameters  in  the  Field  Filtering 
Dialog  as  shown  above . 

26.  Click  the  OK  control  button.  The  flowfield  of  the 
selected  block  will  be  filtered. 
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Figure  2.19 

! — -x 


27 . Choose 
opened 


the  Close  command  from  the  File  menu  to  close  the 
file. 
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Step  3.  Representing  the  Flowfield  Value  as  a  3D  Object 

1.  Open  an  existing  file  STEP_3.XYZ  that  is  located  in 
subfolder  SAMPLES\STEP_3  of  the  current  folder.  (For 
additional  information,  see  Steps  1-2  of  Step  2.) 

2.  To  visualize  the  Geometry  rotate  it  on  your  screen. 
(For  more  information,  see  Steps  4-5  of  Step  1.) 

Figure  3.1 


f 


3.  Show  the  Cp  flowfield.  (For  more  information  see  Steps 
18-20  of  Step  2.) 

Figure  3.2 


4.  Choose  the  Import  3D  Field...  command  from  the  Import/Export 

menu.  The  standard  Open  Dialog  will  appear  on  your  screen. 
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Figure  3.3 


5.  Choose  the  file  STEP_3.XYZ,  and  click  the  Open  control 
button.  The  Open  Dialog  will  be  closed,  and  the  Import  Dialog 
will  appear  on  your  screen. 

Figure  3.4 


6.  Choose  all  of  the  needed  parameters  in  the  Import  Dialog  as 
shown  above . 

7.  Click  the  OK  control  button. 
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Figure  3.5 
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Chapter  3.  Working  with  a  Project  File 

Step  4.  Creating  a  Project  File 

1.  To  create  a  new  project  file,  choose  the  New  OMS  Project... 
command  from  the  OMS  Project  menu.  The  OMS  Property  Sheet  Dialog 

will  appear  on  your  screen. 

Figure  4.1 


2.  Choose  all  of  the  needed  parameters  in  the  Test  Features 
tab  as  shown  above . 

3.  Click  the  Write...  control  button.  The  standard  Save  As  Dialog 
will  appear  on  your  screen. 

4.  Create  a  subfolder  SAMPLES\STEP_4  of  the  current 
folder,  and  enter  it. 

5.  Type  "STEP_4"  in  the  File  name  text  box,  and  click  the 
Save  control  button.  The  Save  As  Dialog  will  be  closed,  and 
the  project  file  with  the  name  STEP_4 . IMS  will  be 
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created.  Its  name  will  appear  in  the  This  File  information 
pane . 

6.  Click  the  Refe  Files  tab  in  the  OMS  Property  Sheet  Dialog .  It 

will  appear  on  your  screen. 

Figure  4.2 


7.  Choose  all  of  the  needed  parameters  in  the  Refe  Files  tab 
as  shown  above. 

8.  Click  the  Sens  Files  tab  in  the  OMS  Property  Sheet  Dialog.  It 

will  appear  on  your  screen. 
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Figure  4.3 


9.  Choose  all  of  the  needed  parameters  in  the  Sens  Files 
as  shown  above. 

10.  Click  the  T  Files  tab  in  the  OMS  Property  Sheet  Dialog .  It 

appear  on  your  screen. 


tab 

will 
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Figure  4.4 


11.  This  tab  remains  empty  at  this  Step.  It  is  used 
processing  TSP  images. 

12 .  Click  the  Mesh  Files  tab  in  the  OMS  Property  Sheet  Dialog. 

will  appear  on  your  screen. 


for 

It 
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Figure  4.5 


13.  Choose  all  of  the  needed  parameters  in  the  Mesh  Files  tab 
as  shown  above.  The  Field  on  Mesh  text  box  is  empty.  In 
this  version  of  the  ProField  application,  a  default 
filename  is  used.  It  is  created  by  Proimage .  For 
example,  if  Proimage  runs  project  STEP_4.IMS,  it 
creates  the  default  name  STEP_4.XYZ. 

14.  Click  the  Resultant  Files  tab  in  the  OMS  Property  Sheet  Dialog .  It 

will  appear  on  your  screen. 
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Figure  4.6 


15.  The  tab  remains  empty  at  this  Step.  In  this  case  the 

appropriate  filenames  will  be  created  as  a  default.  In 
our  case  the  image  files  will  be  named 
STEP_4_IREFE_ISENS . IMP,  STEP_4_PRESSURE . IMP, 

STEP_4_P_PSTAT . IMP,  and  STEP_4_CP . IMP;  the  marker  files 
will  be  named  STEP_4_IREFE_ISENS .MPT, 

STEP_4_PRESSURE .MPT,  STEP_4_P_PSTAT . MPT ,  and 

STEP_4_CP . MPT . 

Files  for  temperature  are  created  for  TSP  only. 

16.  Click  the  Test  Features  tab  in  the  OMS  Property  Sheet  Dialog .  It 

will  appear  on  your  screen  again. 

17.  Click  the  Check  control  button.  The  presence  of  all  of 
the  chosen  files  in  the  project  folder  SAMPLES\STEP_4 
will  be  verified. 

18.  Click  the  OK  control  button.  The  project  file  will  be 
created,  and  all  of  the  chosen  parameters  will  be  saved 
in  it . 
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Chapter  4.  Additional  Features 

Step  5.  Drawing  the  Chart 

1.  Open  an  existing  file  STEP_2.FLD  that  is  located  in 
subfolder  SAMPLES \STEP_2  of  the  current  folder.  (For 
more  information  see  Steps  1-2  of  Step  2.) 


Figure  5.1 


2.  View  the  Cp  flowfield.  (For  more  information  see  Steps 
18-20  of  Step  2.)  The  Cp  flowfield  will  appear  on  your 
screen . 

Figure  5.2 


3.  To  draw  the  chart: 

•  Choose  the  Chart  command  from  the  Tools  menu, 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 
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Figure  5.3 


The  step_2  (Cp)  window  will  appear  in  the  right  lower  corner 
of  your  screen. 


4.  Press  the  left  mouse  button  at  the  first  point  (cursor 
shape  is  changed  to  +)  ,  and  move  the  mouse.  Release 
the  mouse  button  at  the  second  point,  and  the  function 
chart  will  appear  in  this  window. 


Figure  5.4 


£0  160  240  320  400 
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Step  6.  Creating  a  New  Function 

1.  Open  an  existing  file  STEP_2.FLD  that  is  presented  in 
subfolder  SAMPLES \STEP_2  of  the  current  folder.  (For 
more  information  see  steps  1-2  of  Step  2.) 


Figure  6.1 


2.  View  the  Cp  flowfield.  (For  more  information  see  Steps 
18-20  of  Step  2.)  The  Cp  flowfield  will  appear  on  your 
screen . 

Figure  6.2 


3.  Choose  the  Field  Calculator...  command  from  the  Tools  menu.  The 
Field  Calculator  Dialog  will  appear  on  your  screen. 
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Figure  6.3 
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4.  To  create  a  new  function,  click  the  Create  A  control 
button.  The  New  field  name  Dialog  will  appear  on  your  screen. 

Figure  6.4 


New  field  name 


new_Cp 


OK 


Cancel 


5.  Choose  all  of  the  needed  parameters  in  the  New  field  name 
Dialog  as  shown  above. 

6.  Click  the  OK  control  button.  The  warning  message  will 
appear  on  the  screen. 

7.  Click  the  OK  control  button,  or  press  Enter.  The 
function  "new_Cp"  will  be  created,  and  the  Field  Calculator 
Dialog  will  appear  on  your  screen  again. 
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Figure  6.5 
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8 .  Choose  all  of  the  needed  parameters  in  the  Field  Calculator 
Dialog  as  shown  above. 

9.  Click  the  A=B+C  control  button.  The  warning  message 
will  appear  on  the  screen. 

10.  Click  the  OK  control  button,  or  press  Enter.  The 
"new_Cp"  will  be  equal  to  the  sum  of  "Cp"  and  10. 

11.  Click  the  Close  control  button. 

12.  Turn  on  the  palette.  (For  more  information  see  Steps  9- 

11  of  Step  1.) 
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Figure  6.6 

tY 


13.  View  the  "new_Cp"  flowfield.  (For  more  information  see 
Steps  18-20  of  Step  2.)  The  "new_Cp"  flowfield  will 
appear  on  your  screen.  The  palette  in  the  right  portion 
of  the  application  window  will  be  changed,  and  the 
level  of  intensity  on  the  bitmap  will  be  increased  on 
10  . 


Figure  6.7 

tY 


14.  Click  the  Options  control  button  at  the  bottom  of  the 
palette.  The  Spectrum  Appearance  Dialog  will  appear  on  your 
screen . 
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Figure  6.8 


15.  Choose  all  of  the  needed  parameters  in  the  Spectrum 
Appearance  Dialog  as  shown  above. 

16.  Click  the  OK  control  button.  The  3D  Cp  flowfield  will 
appear  on  your  screen.  It  may  be  compared  with  the  3D 
Cp  flowfield. 
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Chapter  1.  Creation  of  simple  Geometries  (using  File  menu) 

Step  1 .  How  to  input  data  at  the  beginning  of  work  using 
keyboard 

1.  After  running  ProGraph: 

•  Choose  the  New...  command  from  the  File  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  1.1 

0 

Then  the  Regular  Input  Dialog  Box  will  appear  on  your  screen. 

Figure  1.2 


2.  Input  the  coordinates  of  the  point.  Type  "0",  "  - 1 "  and 

"1"  in  text  boxes  as  shown  below. 
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3.  Save  the  coordinates  in  the  keyboard  buffer. 
•  Click  the  Input  after  control  button. 

or 


•  Press  Enter. 

Note.  Coordinate  values  appear  in  the  list  above.  X,  Y 
and  Z  are  the  coordinates  of  this  point;  K  is  the 
number  or  patch;  N  is  the  number  of  the  section  and  M 
is  the  current  number  of  points  in  this  section. 

Figure  1.4 

X  Y  Z  K  N  M 


+0.0000006+000  -1.0000006+000  +1.0000006+000  1 


4.  Repeat  steps  2-3  to  input  the  coordinates  of  the 
following  points: 


X 

Y 

Z 

0 

i 

i 

0 

i 

-i 

0 

-l 

-i 

0 

-l 

i 

Note.  The  input  points  will  appear  in  the  list  below. 
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Figure  1.5 

X  Y  Z  K  N  M 


+0.000000e+000  -1.000000e+000  +1.000000e+000  1  1  1 

+0.0000006+000  +1.0000006+000  +1.0000006+000  1  1  2 
+0.0000006+000  +1.0000006+000  -1.000000e+000  1  1  3 

+0.0000006+000  -I.OOOOOOe+OOO  -1.000000e+000  1  1  4 


+0.0000006+000  -I.OOOOOOe+OOO  +1.000000e+000  1  1 


5.  Click  the  Cut  button  the  in  Points  pane.  This  permits  one 
to  turn  on  the  regime  of  working  with  the  Clipboard. 

6.  Select  the  second  point  in  the  list  above  with  the  use 
of  the  mouse. 

Note.  You  also  may  click  the  list  and  use  the  following 
keys  to  move  in  the  list: 

^ ,  nI  -  upward 

T,  <—  -  downward 

PgUp,  Home  -  to  the  beginning  of  the  list 
PgDn,  End  -  to  the  end  of  the  list. 

7.  Cut  the  second  point  into  the  Clipboard. 

•  Click  the  Cut  button. 

or 


•  Press  Enter. 

Note.  The  second  point  is  removed  from  the  list  and 
placed  into  the  Clipboard.  The  remaining  points  are 
renumbered . 

Figure  1.6 

X  Y  Z  K  N  M 


+0.000000e+000  -I.OOOOOOe+OOO  +1.000000e+000  1  1  1 


+0.000000e+000  +1.000000e+000  -I.OOOOOOe+OOO  1  1  2 

+0.0000006+000  -I.OOOOOOe+OOO  -I.OOOOOOe+OOO  1  1  3 

+0.000000e+000  -I.OOOOOOe+OOO  +1.000000e+000  1  1  4 


8.  Turn  on  the  Paste  check  box  in  the  Points  pane. 


172 


ProGraph 


User's  GUIDE 


9.  Select  the  last  point  in  the  list. 

10.  Put  the  content  of  Clipboard  to  the  end  of  list. 

•  Click  the  Input  after  control  button. 

or 

•  Press  Enter. 

Note.  The  fifth  point  appears  in  the  list. 

Figure  1.7 


11.  Input  a  new  content  to  Clipboard.  Type  "0",  "2"  and 

"2"  in  text  boxes  in  the  Buffer  pane. 

12 . Select  the  fourth  point  in  the  list. 

13. Click  the  Replace  button  in  the  Points  pane  to  replace  the 
selected  point  with  a  Clipboard  contents. 

14. Save  the  inputted  coordinates  in  keyboard  buffer. 

•  Click  the  Replace  control  button. 

or 


•  Press  Enter. 
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Figure  1.8 


15.  Turn  off  the  Paste  check  box  in  the  Points  pane  (click  on 
it  with  the  mouse) . 

16.  Click  the  New  line  button  in  the  "Componentry”  pane  to 
input  a  new  section. 

Figure  1.9 

9- Regimes  -  -  -  - - — n 


aPoints 

Componentry 

C  Input  after  C  Cut  I-  Paste 

'  New  patch  C  Find 

C  Replace  C  Copy 

(*  Newline  C  OK 

17.  Click  the  Newline  button. 

or 

Press  Enter. 

Note.  The  first  point  of  a  new  line  is  the  point  that 
has  been  selected  in  the  first  line. 
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Figure  1.10 

X  Y  Z  K  N  M 


+0.0000006+000  +2.000000e+000  +2.000000e+000  1  2  1 


18.  Click  the  Find  button  in  the  Component  Entry  pane  to  find 
some  inputted  point  with  the  use  of  its  integer-valued 
address  (K,  N  and  M  indices) . 

19 .  Then : 

•  Click  the  Find  button. 

or 


•  Press  Enter. 

The  Find  Dialog  Box  will  appear  on  your  screen. 

Figure  1.11 


20.  Type  "1",  "1"  and  "3"  in  the  text  boxes  and  click  the 

Find  control  button.  This  point  will  be  selected  in  the 
list  of  inputted  points. 
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Figure  1.12 


21.  Click  the  OK  button  in  Componentry  pane  to  finish  the 
input . 

22 .  Then : 

•  Click  the  OK  control  button. 

or 


•  Press  Enter. 

The  Regular  Input  Dialog  Box  will  be  closed  and  the  Geometry 
will  appear  on  your  screen. 
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Figure  1.13 
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Step  2.  How  to  open  a  file  containing  the  Geometry 

ProGraph  uses  Geometries  in  the  form  of  regular  or  non¬ 
regular  meshes  which  can  be  created  by  different 
geometrical  systems  such  as  AutoCAD©  14,  Tecplot©, 
UniGraphics© . 

Geometry  should  be  converted  to  one  of  the  following 
formats:  APT,  SKL,  DAT  or  WRL . 

1)  When  an  APT  file  is  opened,  its  format  remains  the  same 
and  the  file  is  not  converted.  Its  patches  are  painted 
with  the  following  colors:  the  first  -  blue,  the 
second  -  green,  the  third  -  red,  the  fourth  -  white 
and  the  fifth  -  pink.  If  the  number  of  patches  is 
greater  than  five,  the  color  scheme  is  repeated 
periodically . 

2)  When  a  SKL  file  is  opened,  two  cases  may  take  place. 

•  Sections  of  the  Geometry  have  different  number  of 
points.  In  this  case  the  file  isn't  converted  and  it 
appears  on  your  screen  as  a  series  of  sections .  The 
colors  of  these  sections  correspond  to  the  numbers 
of  patches  (see  the  first  point) . 

or 

•  All  sections  of  the  Geometry  have  the  same  number  of 
points.  In  this  case  the  file  is  converted  to  an  APT 
one  automatically.  The  colors  of  the  patches 
correspond  description  in  1) . 

3)  When  a  DAT  file  is  opened,  three  events  may  take  place. 

•  The  DAT  file  contains  a  structured  grid  only.  In 
this  case  the  file  is  converted  to  an  APT  one 
automatically . 

or 

•  DAT  file  contains  an  unstructured  grid  only.  In  this 
case  the  file  appears  on  your  screen  as  a  number  of 
triangles.  ProGraph  uses  only  triangles  as  an 
element  of  unstructured  grid.  Another  polyhedrons 
are  converted  to  triangles  automatically. 

or 

•  DAT  file  contains  both  structured  and  unstructured 
grid.  In  this  case  the  file  is  converted  to  an 
unstructured  grid  and  it  appears  on  your  screen  as  a 
number  of  triangles  (see  the  previous  point) . 


178 


ProGraph 


User's  GUIDE 


4)  When  WRL  file  is  opened,  it  is  converted  to 
unstructured  grid  automatically  (see  the  previous 
point) . 


1.  To  open  an  existing  file  STEP_2.APT  that  is  presented 
in  the  subfolder  SAMPLES  of  the  current  folder: 

•  Choose  the  Open...  command  from  the  File  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  2.1 
\2_ 

Then  the  standard  Open  Dialog  Box  will  appear  on  your 
screen . 

Figure  2.2 


2.  Choose  the  file  STEP_2.APT  and  click  the  Open  control 
button.  Then  the  Open  Dialog  Box  will  be  closed,  and  the 
Geometry  will  appear  on  your  screen. 
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Figure  2.3 
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Step  3.  How  to  append  one  Geometry  file  with  another 

The  procedure  for  appending  depends  on  the  format  of 
opened  file. 

1)  When  APT  file  is  opened,  only  APT,  SKL  or  DAT  file  may 
be  appended.  A  new  file  is  converted  in  accordance  with 
the  procedure  described  in  Step  2 . 


2) 

When  SKL  file 

is  opened. 

only 

APT 

or 

SKL 

file 

may 

be 

appended.  A  new  file  is 

converted 

in 

accordance 

with 

the  procedure 

described  in 

Step 

2. 

3) 

When  DAT  file 

is  opened. 

only 

DAT 

or 

WRL 

file 

may 

be 

appended.  A  new  file  is 

converted 

in 

accordance 

with 

the  procedure 

described  in 

Step 

2. 

4) 

When  WRL  file 

is  opened. 

only 

DAT 

or 

WRL 

file 

may 

be 

appended.  A  new  file  is 

converted 

in 

accordance 

with 

the  procedure 

described  in 

Step 

2. 

0.  To  append  an  existing  file  STEP_3.APT  that  is  presented 
in  subfolder  the  SAMPLES  of  the  current  folder  to  the 
existing  file  STEP_2.APT  opened  in  Step  2: 

•  Choose  the  Append...  command  from  the  File  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  3.1 

f"-. 

Then  the  standard  Open  Dialog  Box  will  appear  on  your 
screen . 

Figure  3.2 
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1.  Choose  an  existing  file  STEP_3.APT.  The  Geometry  will 
appear  on  your  screen. 

Figure  3.3 
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Step  4.  How  to  save  a  Geometry  file  on  the  disk 

The  procedure  of  saving  depends  on  the  format  of  created 
file. 


1) 

When  a  file  of 

APT 

format 

has 

been 

created. 

it 

may 

be 

saved  as  a  file 

of 

APT,  SKL,  DAT,  or 

WRL  format. 

2) 

When  a  file  of 

SKL 

format 

has 

been 

created. 

it 

may 

be 

saved  as  a  file 

of 

SKL  format  only. 

3) 

When  a  file  of 

DAT 

format 

has 

been 

created. 

it 

may 

be 

saved  as  a  file 

of 

DAT,  or 

WRL 

format  only. 

4) 

When  a  file  of 

WRL 

format 

has 

been 

created. 

it 

may 

be 

saved  as  a  file 

of 

DAT,  or 

WRL 

format  only. 

0.  To  save  a  file  created  in  Step  3  with  a  new  name 
STEP_4 . APT  to  the  subfolder  SAMPLES  of  the  current 
folder : 

•  Choose  the  Save...  command  from  the  File  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  4.1 

m 

Then  the  standard  Save  As  Dialog  Box  will  appear  on  your 
screen . 

Figure  4.2 


1.  Type  "STEP_4"  in  the  Filename  text  box  and  click  the  Save 
control  button.  Then  the  Save  As  Dialog  Box  will  be  closed 
and  the  file  will  be  saved  under  the  new  name. 
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Figure  4.3 
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Chapter  2.  Geometry  editing  (using  theEdit  menu) 

Step  5.  How  to  select  a  patch  and  create  a  block 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
the  subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

1.  To  select  the  patch: 

•  Choose  the  Patches  ~  Capture  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  5.1 

S 

The  cursor  shape  will  be  changed  to  '•K,. 

2  .  Then : 

•  Press  the  left  mouse  button  and  drag  the  mouse.  The 
patch  under  the  cursor  will  be  painted  with  a  yellow 
color  and  patch  number  will  appear  in  the  Status 
Bar.  Releasing  the  mouse  button  captures  the  patch 
and  inputs  it  to  the  block. 

or 

•  Click  the  patch. 

The  selected  patch  will  be  highlighted  with  a  yellow 
color  and  its  points  will  be  painted  in  blue.  The 
selected  patch  will  be  transferred  into  the  block  and 
its  number  will  appear  in  the  Status  Bar. 

The  patch  that  is  included  in  block  as  the  second  one 
will  be  highlighted  by  green  nodes,  the  third  by  red, 
the  fourth  by  white  and  the  fifth  by  pink.  If  the 
number  of  selected  patches  is  more  than  five,  the  color 
scheme  will  be  repeated  periodically. 
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Figure  5.2 
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Step  6.  How  to  select  a  patch  and  to  add  it  to  the  block  with 
the  use  of  the  Input  &  Add  to  block  command 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  Steps  1-2  of  Step  2.) 

1.  To  select  the  patch: 

•  Choose  the  Patches  ~  Input  &  Add  to  block...  command  from  the 
Edit  menu . 


or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  6.1 

m 

Then  the  Input  Patch  Dialog  Box  will  appear  on  your  screen. 

Figure  6.2 


2 .  Choose  necessary  parameters  in  the  Input  Patch  Dialog  Box  as 
shown  above . 

3.  Click  the  OK  button.  Then  the  selected  patch  will  be 
highlighted  by  a  yellow  color  and  its  points  will  be 
represented  as  blue  markers.  (For  more  information 
about  colors  see  Step  5.)  The  caught  patch  will  be 
inputted  to  the  block  and  its  number  will  be  in  Status 
Bar . 
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Figure  6.3 
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Step  7.  How  to  select  a  patch  and  to  add  it  to  non-empty  block 

0.  To  add  a  new  patch  to  the  block  created  at  Step  6: 

•  Choose  the  Patches  ~  Add  to  block  command  from  the  Edit 
menu . 


•  Click  the  following  icon  from  the  left  toolbar: 

Figure  7.1 


Then  cursor  shape  will  be  changed  to  liK. 


1 .  Then : 

•  Press  left  mouse  button  and  drag  the  mouse.  The 

patch  under  cursor  will  be  painted  with  a  yellow 

color  and  patch  number  will  appear  in  Status  Bar. 

Releasing  the  mouse  button  selectes  the  patch  and 
inputs  it  to  the  block. 

or 

•  Click  the  patch. 

Then  the  caught  patch  will  be  painted  with  a  yellow 
color  and  its  points  will  be  represented  as  green 
markers.  The  caught  patch  will  be  inputted  to  the  block 
and  its  number  will  appear  in  Status  Bar.  (For  more 

information  about  colors  see  Step  5.) 

Figure  7.2 
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Step  8.  How  to  remove  a  patch  from  the  block 

0.  To  remove  a  patch  from  the  block  created  at  Step  7: 

•  Choose  the  Patches  ~  Remove  from  block  command  from  the  Edit 
menu . 


or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  8.1 

Then  cursor  shape  will  be  changed  to  '■K. 

1 .  Then : 

•  Press  left  mouse  button  and  drag  the  mouse.  The 
patch  under  cursor  will  be  painted  with  a  brown 
color  and  patch  number  will  appear  in  Status  Bar. 
Releasing  the  mouse  button  removes  the  patch  from 
the  block. 

or 

•  Click  the  patch. 

Then  the  initial  color  of  removed  patch  will  be 
restored.  (For  more  information  about  colors  see  Step  2 
and  Step  5.)  The  patch  isn't  deleted  from  the  Geometry 
and  remains  on  its  place. 


Figure  8.2 


1*  slep_2_apt  -  ProGraph 

-  In|  x| 

File  Edit  Transformations  View  Options  Help 
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Step  9.  A  set  of  one-action  operations  with  block 

0.  To  delete  all  needed  patches  included  in  the  block 
created  at  Step  8 : 

•  Choose  the  Patches  ~  Delete  block  command  from  the  Edit 
menu . 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  9.1 

¥ 

Only  the  patches  that  aren' t  included  in  the  block 
remain  on  your  screen.  Their  colors  are  changed.  (For 
more  information  about  colors  see  Step  2.) 

Figure  9.2 


1.  To  undo  all  changes: 

•  Choose  the  Patches  ~  Undo  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  9.3 

Then  old  Geometry  will  appear  on  your  screen  again. 
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Figure  9.4 


2.  Select  the  patch  with  the  number  1.  (For  more 
information  see  steps  2-3  of  Step  5.) 


Figure  9.5 


*  slep_2.apt  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


For  Help,  press  FI 


3.  To  keep  all  the  patches  included  in  the  block: 

•  Choose  the  Patches  -  Extract  block  command  from  the  Edit 
menu . 

or 

•  Click  the  following  icon  from  the  left  toolbar: 
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Only  the  patches  included  in  the  block  remain  on  your 
screen.  Their  colors  may  be  changed.  (For  more 
information  about  colors  see  Step  2 . ) 

Figure  9.7 


4.  To  undo  all  changes  choose  the  Patches  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 


Figure  9.8 


193 


ProGraph 


User's  GUIDE 


Step  1 0.  How  to  convert  files  to  another  format 

0.  Open  an  existing  file  STEP_10.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

Figure  10.1 


1.  To  convert  this  file  to  DAT  format: 

•  Choose  the  Patches  “Convert  to  ~  VRML  or  DAT  command  from  the 
Edit  menu . 

or 

•  Click  the  following  icon  from  the  right  toolbar: 

Figure  10.2 


Then  the  file  of  DAT  format  will  appear  on  your  screen. 
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Figure  10.3 


2.  To  convert  this  file  to  SKL  format: 

•  Choose  the  Patches  -  Convert  to  -  SKL...  command  from  the  Edit 
menu . 

or 

•  Click  the  following  icon  from  the  right  toolbar: 

Figure  10.4 

m 

Then  the  Convert  to  SKL  Dialog  Box  will  appear  on  your  screen. 

3.  Choose  all  needed  parameters  in  the  Convert  to  SKL  Dialog  Box 
as  shown  below. 
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Figure  10.5 


4.  Click  the  OK  control  button.  Then  the  file  of  SKL 
format  will  appear  on  your  screen. 

Figure  10.6 


d|e3|h|£|  ^|rF|  fr|fs|  I  |  Kl  s|  1  *■  li 


Rotate  model  about  Z  axis 


5.  To  undo  all  changes: 

•  Choose  the  Patches  -  Undo  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  10.7 

Then  old  Geometry  will  appear  on  your  screen  again. 
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Figure  10.8 


6.  Choose  the  Patches  -  Convert  to  -  SKL...  command  from  the  Edit 
menu  again.  Then  the  Convert  to  SKL  Dialog  Box  will  appear  on 
your  screen. 

7.  Choose  all  needed  parameters  in  the  Convert  to  SKL  Dialog  Box 
as  shown  below. 

Figure  10.9 


8.  Click  the  OK  control  button.  Then  the  file  of  SKL 
format  will  appear  on  your  screen. 
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Figure  10.10 


*  slep_10.skl  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


9.  To  undo  all  changes  choose  the  Patches  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  10.11 


10.  Choose  the  Patches  -  Convert  to  -  SKL...  command  from  the  Edit 
menu  again.  Then  the  Convert  to  SKL  Dialog  Box  will  appear  on 
your  screen. 

11.  Choose  all  needed  parameters  in  the  Convert  to  SKL  Dialog  Box 
as  shown  below. 
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Figure  10.12 


12. Click  the  OK  control  button.  Then  the  file  of  SKL 
format  will  appear  on  your  screen. 

Figure  10.13 


d|e3|h|£|  ^|rF|  fr|fs|  I  |  Kl  s|  1  *|*-frFril  *■  li 


T  ranslate  model  in  Xi  plane 


13. To  convert  this  file  to  APT  format: 

•  Choose  the  Patches  -  Convert  to  -  APT...  command  from  the  Edit 
menu . 

or 

•  Click  the  following  icon  from  the  right  toolbar: 

Figure  10.14 

[Ml 
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Then  the  Convert  to  APT  Dialog  Box  will  appear  on  your  screen. 

Figure  10.15 


14.  Choose  all  needed  parameters  in  the  Convert  to  APT  Dialog  Box 
as  shown  above. 

15.  Click  the  OK  control  button.  Then  the  file  of  APT 
format  will  appear  on  your  screen. 

Figure  10.16 
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Step  1 1 .  How  to  select  a  section 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

1.  To  select  the  section: 

•  Choose  the  Lines  ~  Capture  ~  Section  command  from  the  Edit 
menu . 


or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  11.1 

|C| 


Then  cursor  shape  will  be  changed  to 


2  .  Then : 

•  Press  left  mouse  button  and  drag  the  mouse.  The 

points  of  section  under  cursor  will  be  painted  with 

a  white  color  and  section  and  patch  numbers  will 
appear  in  Status  Bar.  Releasing  the  mouse  button 

selectes  the  section. 

or 

•  Click  the  section. 

Then  the  points  of  caught  section  will  be  painted  with 
a  white  color. 

When  a  block  has  been  created,  only  a  section  belonging 
to  this  block  may  be  caught.  When  no  patches  are 

included  in  the  block,  any  section  may  be  caught. 
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Figure  11.2 
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Step  12.  How  to  select  a  section  with  the  use  of  Input  ~  Section 
command 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

1.  To  select  the  section: 

•  Choose  the  Lines  ~  Input  ~  Section...  command  from  the  Edit 
menu . 


or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  12.1 

?S_ 

Then  the  Input  section  Dialog  Box  will  appear  on  your  screen. 

2.  Choose  all  needed  parameters  in  the  Input  section  Dialog  Box 
as  shown  below. 

Figure  12.2 


3.  Click  the  OK  control  button.  The  points  of  caught 
section  are  painted  with  a  white  color  and  section  and 
patch  numbers  appear  in  Status  Bar. 

When  a  block  has  been  created,  only  a  section  belonging 
to  this  block  may  be  caught.  When  no  patches  are 
included  in  the  block,  any  section  may  be  caught. 
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Figure  12.3 
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Step  13.  How  to  select  a  line 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 


1.  To  select  the  line: 

•  Choose  the  Lines  ~  Capture  ~  Line  command  from  the  Edit  menu. 

or 


Click  the  following  icon  from  the  upper  toolbar: 


Figure  13.1 


Then  cursor  shape  will  be  changed  to 


2  .  Then : 

•  Press  left  mouse  button  and  drag  the  mouse.  The 
points  of  line  under  cursor  will  be  painted  with  a 
white  color  and  line  and  patch  numbers  will  appear 
in  Status  Bar.  Releasing  the  mouse  button  selectes 
the  line. 

or 

•  Click  the  line. 

Then  the  points  of  caught  line  will  be  painted  with  a 
white  color. 

When  a  block  has  been  created,  only  a  line  belonging  to 
this  block  may  be  caught.  When  no  patches  are  included 
in  the  block,  any  line  may  be  caught. 
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Figure  13.2 
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Step  14.  How  to  select  a  line  with  the  use  of  Input  ~  Line 
command 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

1.  To  select  the  line: 

•  Choose  the  Lines  ~  Input  ~  Line...  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  14.1 

m 

Then  the  Input  line  Dialog  Box  will  appear  on  your  screen. 

2.  Choose  all  needed  parameters  in  the  Input  line  Dialog  Box  as 
shown  below. 

Figure  14.2 


Input  line 


OK 

Cancel 


Inputted  patch 
Maximum  number  of  patches 


Inputted  line 

Maximum  number  of  lines 


3.  Click  the  OK  control  button.  The  points  of  caught  line 
are  painted  with  a  white  color  and  line  and  patch 
numbers  appear  in  Status  Bar. 

When  a  block  has  been  created,  only  a  line  belonging  to 
this  block  may  be  caught.  When  no  patches  are  included 
in  the  block,  any  line  may  be  caught. 
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Figure  14.3 
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Step  15.  How  to  split  a  patch  on  two  patches 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

1.  Select  a  section.  (For  more  information  see  steps  2-3 

of  Step  11 . ) 

Figure  15.1 


*  step_2.apt  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


2.  To  split  a  patch  on  two  patches: 

•  Choose  the  Patches  ~  Split  patch  in  block  command  from  the  Edit 
menu . 


or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  15.2 

Then  the  patch  that  contains  the  caught  section  will  be 
split.  This  section  is  used  as  a  border  of  two  new 
patches.  The  caught  section  belongs  to  both  patches. 
The  colors  of  patches  will  be  changed.  (For  more 
information  about  colors  see  Step  2.) 
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Figure  15.3 
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Step  16.  A  set  of  one-action  operations  with  sections 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

1.  Select  a  section.  (For  more  information  see  steps  2-3 

of  Step  11 . ) 

Figure  16.1 


*  step_2.apt  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


2.  To  delete  the  caught  section: 

•  Choose  the  Lines  ~  Delete  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  16.2 

m 

Then  the  caught  section  will  be  deleted.  The  next 
section  becomes  the  caught  one. 
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Figure  16.3 


3.  To  undo  all  changes: 

•  Choose  the  Lines  -  Undo  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  16.4 

Then  old  Geometry  will  appear  on  your  screen  again. 

Figure  16.5 
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4.  To  copy  the  caught  section: 

•  Choose  the  Lines  ~  Duplicate...  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  16.6 

m 

Then  the  Duplicate  Dialog  Box  will  appear  on  your  screen. 

5.  Choose  all  needed  parameters  in  the  Duplicate  Dialog  Box  as 
shown  below. 

Figure  16.7 


6.  Click  the  OK  control  button.  Then  the  caught  section 
will  be  duplicated  and  its  points  will  be  distinguished 
as  a  white  markers  with  green  border. 

Figure  16.8 


*  slep_2.apt  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


For  Help,  press  FI 


7.  To  undo  all  changes  choose  the  Lines  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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8.  To  copy  the  caught  section  to  Clipboard: 

•  Choose  the  Lines  ~  Copy  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  16.10 


Then  the  caught  section  will  be  copied  to  Clipboard.  It 
may  be  placed  at  any  position. 

9.  To  select  another  section  press  right  mouse  button, 
choose  the  Next  Section  (Line)  command  from  the  context  menu 
and  select  necessary  section.  (For  more  information  see 
steps  2-3  of  Step  11.) 
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Figure  16.11 


10. To  place  the  Clipboard  content  instead  of  the  caught 
section : 

•  Choose  the  Lines  ~  Paste  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  16.12 


Then  the  Clipboard  content  will  replace  the  caught 
section . 
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Step  17.  How  to  rebreak  a  section 

0.  Open  an  existing  file  STEP_17a.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.)  Then  the  Geometry 
will  appear  on  your  screen. 

Figure  17.1 


1.  Select  the  second  section  of  a  green  patch.  (For  more 
information  see  steps  2-3  of  Step  11.) 

Figure  17.2 


2.  To  rebreak  the  caught  section: 
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•  Choose  the  Lines  -  Rebreak...  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  17.3 

K 

Then  the  Rebreak  Dialog  Box  will  appear  on  your  screen. 

3.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 

Figure  17.4 


4.  Click  the  OK  control  button.  Then  the  caught  section 
will  be  rebroken. 
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Figure  17.5 


5.  To  undo  all  changes: 

•  Choose  the  Lines  ~  Undo  command  from  the  Edit  menu. 

or 


•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  17.7 

Then  old  Geometry  will  appear  on  your  screen  again. 

6.  To  rebreak  another  section  choose  the  Lines  ~  Rebreak... 
command  from  the  Edit  menu  again.  Then  the  Rebreak  Dialog  Box 
will  appear  on  your  screen. 


7 .  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 
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Figure  17.8 


8.  Click  the  OK  control  button.  Then  the  fourth  section 
will  be  rebroken.  It  will  become  the  caught  one. 

Figure  17.9 


9.  To  undo  all  changes  choose  the  Lines  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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Figure  17.10 


10.  To  rebreak  all  sections  of  the  patch  choose  the 
Lines  ~  Rebreak...  command  from  the  Edit  menu  again.  Then  the 
Rebreak  Dialog  Box  will  appear  on  your  screen. 

11.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 

Figure  17.11 


12. Click  the  OK  control  button.  Then  all  the  sections  of 
green  patch  will  be  rebroken. 
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Figure  17.12 

File  Edit  Transformations  View  Options  Help 


*  slep_17a.apt  -  ProGraph 


13.  To  undo  all  changes  choose  the  Lines  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  17.13 


14.  To  rebreak  the  green  patch  in  some  range  choose  the 
Lines  ~  Rebreak...  command  from  the  Edit  menu  again.  Then  the 
Rebreak  Dialog  Box  will  appear  on  your  screen. 

15.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 
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Figure  17.14 


16. Click  the  OK  control  button.  Then  the  green  patch  in 
the  range  from  the  fifth  line  to  the  tenth  line  will  be 
rebroken . 

Figure  17.15 


17.  To  undo  all  changes  choose  the  Lines  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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Figure  17.16 


18.  To  rebreak  the  second  and  the  third  sections  of  green 
patch  choose  the  Lines  ~  Rebreak...  command  from  the  Edit  menu 
again.  Then  the  Rebreak  Dialog  Box  will  appear  on  your 
screen . 

19.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 

Figure  17.17 


20.  Click  the  OK  control  button.  Then  the  second  and  the 
third  sections  of  green  patch  will  be  rebroken. 
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Figure  17.18 

File  Edit  Transformations  View  Options  Help 


*  slep_17a.apt  -  ProGraph 


21.  To  undo  all  changes  choose  the  Lines  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  17.19 


22.  To  rebreak  the  second  and  the  third  sections  of  green 
patch  choose  the  Lines  -  Rebreak...  command  from  the  Edit  menu 
again.  Then  the  Rebreak  Dialog  Box  will  appear  on  your 
screen . 

23.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 
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Figure  17.20 


24. Click  the  OK  control  button.  Then  the  second  and  the 
third  sections  of  green  patch  will  be  rebroken  with  new 
number  of  points. 

Note.  APT  format  of  opened  file  is  violated. 

Figure  17.21 


25. Open  an  existing  file  STEP_17b.APT  that  is  presented 
in  subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.)  Then  the  Geometry 
will  appear  on  your  screen. 
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Figure  17.22 


26. Select  the  second  section  of  a  green  patch.  (For  more 
information  see  steps  2-3  of  Step  11.) 

Figure  17.23 


27.  To  rebreak  all  sections  of  green  patch  in  accordance 
with  the  caught  section  choose  the  Lines  ~  Rebreak...  command 
from  the  Edit  menu.  Then  the  Rebreak  Dialog  Box  will  appear 
on  your  screen. 

28.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 
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Figure  17.24 


29. Click  the  OK  control  button.  Then  all  sections  of 
green  patch  will  be  rebroken  in  accordance  with  the 
caught  section. 

Figure  17.25 


30. Open  an  existing  file  STEP_17c.APT  that  is  presented 
in  subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.)  Then  the  Geometry 
will  appear  on  your  screen. 
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Figure  17.26 


31. Select  the  last  section.  (For  more  information  see 
steps  2-3  of  Step  11.) 

Figure  17.27 


32.  Choose  the  Lines  ~  Rebreak...  command  from  the  Edit  menu.  Then 
the  Rebreak  Dialog  Box  will  appear  on  your  screen. 

33.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 
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Figure  17.28 


34.  Click  the  OK  control  button.  Then  new  Geometry  will 
appear  on  your  screen. 


Figure  17.29 


35. Open  an  existing  file  STEP_17d.APT  that  is  presented 
in  subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.)  Then  the  Geometry 
will  appear  on  your  screen. 
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Figure  17.30 


36. Select  the  ninth  line  of  green  patch.  (For  more 
information  see  steps  2-3  of  Step  13.) 

Figure  17.31 


37.  To  change  the  number  of  sections  in  green  patch  choose 
the  Lines  ~  Rebreak...  command  from  the  Edit  menu.  Then  the 
Rebreak  Dialog  Box  will  appear  on  your  screen. 

38.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 
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Figure  17.32 


39. Click  the  OK  control  button.  Then  new  Geometry  will 
appear  on  your  screen. 

Figure  17.33 


4  0.  To  undo  all  changes  choose  the  Lines  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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Figure  17.34 


41.  Choose  the  Lines  -  Rebreak...  command  from  the  Edit  menu.  Then 
the  Rebreak  Dialog  Box  will  appear  on  your  screen. 

42.  Choose  all  needed  parameters  in  the  Rebreak  Dialog  Box  as 
shown  below. 

Figure  17.35 


43.  Click  the  OK  control  button.  Then  new  Geometry  will 
appear  on  your  screen. 
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Figure  17.36 


slep_17d.apt  -  ProGraph 


-Ini  x| 


File  Edit  Transformations  View  Options  Help 
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Step  18.  How  to  select  a  point 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 


1.  To  select  the  point: 

•  Choose  the  Point  ~  Capture  command  from  the  Edit  menu. 

or 


Click  the  following  icon  from  the  upper  toolbar: 


Figure  18.1 


Then  cursor  shape  will  be  changed  to 


2  .  Then : 

•  Press  left  mouse  button  and  drag  the  mouse.  The 
point  under  cursor  will  be  distinguished  as  a  white 
marker  with  red  border  and  its  number  will  appear  in 
Status  Bar.  Releasing  the  mouse  button  selectes  the 
point . 

or 

•  Click  the  point. 

Then  the  caught  point  will  be  distinguished  as  a  white 
marker  with  red  border. 

When  a  block  has  been  created,  only  a  point  belonging 
to  this  block  may  be  caught.  When  a  section  or  a  line 
has  been  caught,  only  a  point  belonging  to  this  section 
or  line  may  be  caught.  When  no  patches,  sections  or 
lines  have  been  caught,  any  point  may  be  caught. 
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Figure  18.2 
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Step  19.  How  to  select  a  point  with  the  use  of  Input  command 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

1.  To  select  the  section  choose  the  Point  ~  Input...  command 
from  the  Edit  menu.  Then  the  Find  Dialog  Box  will  appear  on 
your  screen. 

2 .  Choose  all  needed  parameters  in  the  Find  Dialog  Box  as 
shown  below. 

Figure  19.1 


3.  Click  the  OK  control  button.  Then  the  caught  point  will 
be  distinguished  as  a  white  marker  with  red  border. 

When  a  block  has  been  created,  only  a  point  belonging 
to  this  block  may  be  caught.  When  a  section  or  a  line 
has  been  caught,  only  a  point  belonging  to  this  section 
or  line  may  be  caught.  When  no  patches,  sections  or 
lines  have  been  caught,  any  point  may  be  caught. 
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Figure  19.2 
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Step  20.  A  set  of  one-action  operations  with  points 

0.  Open  an  existing  file  STEP_2.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

1.  Select  a  point.  (For  more  information  see  steps  2-3  of 

Step  18 . ) 

Figure  20.1 


*  step_2.apt  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


2.  To  delete  the  caught  point: 

•  Choose  the  Point  ~  Delete  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  20.2 

X 

Then  the  caught  point  will  be  deleted.  The  next  point 
will  become  the  caught  one. 

Note.  APT  format  of  opened  file  is  violated. 
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Figure  20.3 


*  slep_2.skl  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


^2^ 


3.  To  undo  all  changes: 

•  Choose  the  Point  -  Undo  command  from  the  Edit  menu. 

or 


•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  20.4 

O 

Then  old  Geometry  will  appear  on  your  screen  again. 

Figure  20.5 
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4.  To  copy  the  caught  point: 

•  Choose  the  Point  ~  Duplicate...  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  20.6 


Then  the  Duplicate  Dialog  Box  will  appear  on  your  screen. 

5.  Choose  all  needed  parameters  in  the  Duplicate  Dialog  Box  as 
shown  below. 

Figure  20.7 


6.  Click  the  OK  control  button.  Then  the  caught  point  will 
be  duplicated  and  distinguished  as  a  green  markers  with 
red  border. 

Note.  APT  format  of  opened  file  is  violated. 

Figure  20.8 


7.  To  undo  all  changes  choose  the  Point~Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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Figure  20.9 


8.  To  copy  the  caught  point  to  Clipboard: 

•  Choose  the  Point  ~  Copy  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

ajre  20.10 

Then  the  caught  point  will  be  copied  to  Clipboard.  It 
may  be  placed  at  any  position. 

9.  To  select  another  point  press  right  mouse  button, 
choose  the  Next  point  command  from  the  context  menu  and 
select  necessary  section.  (For  more  information  see 
steps  2-3  of  Step  18.) 
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Figure  20.11 


10. To  place  the  Clipboard  content  instead  of  the  caught 
point : 

•  Choose  the  Point  ~  Paste  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  20.12 


Then  the  Clipboard  content  will 
point . 


replace 


the  caught 
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Figure  20.13 


11.  To  undo  all  changes  choose  the  Point  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  20.14 


12. To  edit  the  coordinates  of  the  caught  point: 

•  Choose  the  Point  -  Edit...  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 
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Figure  20.15 

@| 

Then  the  Edit  point  Dialog  Box  will  appear  on  your  screen. 


13.  Choose  all  needed  parameters  in  the  Edit  point  Dialog  Box  as 
shown  below. 

Figure  20.16 


14. Click  the  OK  control  button.  Then  the  caught  point 
will  be  moved. 

Figure  20.17 


15.  To  undo  all  changes  choose  the  Point  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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Figure  20.18 


16. To  drag  the  caught  point: 

•  Choose  the  Point  -  Drag  command  from  the  Edit  menu. 

or 

•  Click  the  following  icon  from  the  left  toolbar: 

Figure  20.19 

\J\ 


17 . Then : 

•  Press  left  mouse  button  and  drag  the  mouse.  The 
caught  point  will  be  moved  and  its  new  coordinates 
will  appear  in  Status  Bar.  Releasing  the  mouse 
button  drops  the  caught  point  at  the  last  position. 

or 

•  Click  a  new  position  of  the  caught  point. 

Then  the  caught  point  is  moved  in  the  plane  of 
curvilinear  quadrangle  that  is  formed  by  neighboring 
sections  and  lines.  This  curvilinear  quadrangle  is 
covered  by  a  grid  that  has  100x100  cells.  The  point  can 
be  placed  in  the  points  of  this  grid  only.  The  point 
can't  be  dragged  outside  the  quadrangle. 
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Figure  20.20 
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Chapter  3.  Block  transforming  (using  Transformations  menu) 
Step  21.  How  to  create  a  block  projection  on  other  patches 

0.  Open  an  existing  file  STEP_21a.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

Figure  21.1 


1.  Append  an  existing  file  STEP_21b.APT  that  is  presented 
in  subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  3.) 
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Figure  21.2 


2.  Select  the  green  patch.  (For  more  information  see  steps 

2-3  of  Step  5.) 

Figure  21.3 


3.  To  create  a  projection  of  block  on  the  other  patch: 

•  Choose  the  Reflection  command  from  the  Transformations 

menu . 

or 

•  Click  the  following  icon  from  the  right  toolbar: 
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Figure  21.4 


Then  the  Geometry  will  appear  on  your  screen. 

Figure  21.5 


4.  Keep  all  the  patches  included  in  the  block.  (For  more 
information  see  step  4  of  Step  9.)  Only  the  patches 
included  in  the  block  remain  on  your  screen.  Their 
colors  are  changed.  (For  more  information  about  colors 

see  Step  2 . ) 


Figure  21.6 
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Step  22.  How  to  create  an  intersection  of  two  patches 

0.  Open  an  existing  file  STEP_22a.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

Figure  22.1 


1.  Append  an  existing  file  STEP_22b.APT  that  is  presented 
in  subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  3.) 

Figure  22.2 
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2.  To  show  first  points  and  sections  choose  the  View  features 
command  from  the  Options  menu.  Then  the  View  features  Dialog  Box 

will  appear  on  your  screen. 

3.  Choose  all  needed  parameters  in  the  View  features  Dialog  Box 
as  shown  below. 

Figure  22.3 


4.  Click  the  OK  control  button.  Then  first  sections  will 
be  represented  with  big  yellow  markers  and  first  point 
at  each  section  will  be  represented  as  big  red  markers. 

Note.  Patches  must  be  crossed. 


Figure  22.4 


5.  To  set  the  plane  view  Y  =  const  click  the  following  icon 

from  the  upper  toolbar  L^J.  Then  a  new  projection  of 
Geometry  will  appear  on  your  screen. 


252 


ProGraph 


User's  GUIDE 


Figure  22.5 


*  slep_22a.apt  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


-=l°J2<J 


<*■  $ 


6.  Select  the  green  patch.  (For  more  information  see  steps 

2-3  of  Step  5.) 

Figure  22.6 


7.  To  intersect  these  patches  and  to  create  smooth 
conjugation  of  intersecting  area: 

•  Choose  the  Intersection...  command  from  the  Transformations 

menu . 

or 

•  Click  the  following  icon  from  the  right  toolbar: 
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Figure  22.7 


Then  the  Intersection  Dialog  Box  will  appear  on  your  screen. 


8.  Choose  all  needed  parameters  in  the  Intersection  Dialog  Box  as 
shown  below. 


Figure  22.8 


Intersection 


xj 


Patches  in  Block 

C  Before  intersection 
(*  After  intersection 


OK 


Cancel 


|[20  Number  of  points 


Patches  out  Block 


(*  Before  intersection 
After  intersection 


20 


Number  of  points 


9.  Click  the  OK  button.  Then  the  Geometry  will  appear  on 
your  screen. 

Figure  22.9 


10.  To  set  the  plane  view  X  =  const  click  the  following  icon 


from  the  upper  toolbar  UHI.  Then  a  new  projection  of 
Geometry  will  appear  on  your  screen. 
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Figure  22.10 


255 


ProGraph 


User's  GUIDE 


Step  23.  How  to  merge  patches  included  in  the  block 

0.  Open  an  existing  file  STEP_23a.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

Figure  23.1 


1.  Select  the  green  patch.  (For  more  information  see  steps 

2-3  of  Step  5.) 

Figure  23.2 


2.  Select  the  red  patch.  (For  more  information  see  steps 

1-2  of  Step  7 . ) 
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Figure  23.3 


3.  To  merge  this  patches: 

•  Choose  the  Merge...  command  from  the  Transformations  menu. 

or 

•  Click  the  following  icon  from  the  upper  toolbar: 


Then  the  Merge  Dialog  Box  will  appear  on  your  screen. 

4.  Choose  all  needed  parameters  in  the  Merge  Dialog  Box  as 
shown  below. 

Figure  23.5 


5.  Click  the  OK  control  button.  Then  the  number  of  lines 
will  remain  the  same  and  the  number  of  sections  will 
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increase.  Double  points  will  be  represented  with  big 
green  markers.  The  colors  of  patches  will  be  changed. 
(For  more  information  about  colors  see  Step  2.) 


Figure  23.6 


6.  Open  an  existing  file  STEP_23b.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

Figure  23.7 


7.  Select  the  green  patch.  (For  more  information  see  steps 

2-3  of  Step  5.) 
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Figure  23.8 


8.  Select  the  red  patch.  (For  more  information  see  steps 

1-2  of  Step  7.) 

Figure  23.9 


9.  Choose  the  Merge...  command  from  the  Transformations  menu 
again.  Then  the  Merge  Dialog  Box  will  appear  on  your 
screen . 

10.  Choose  all  needed  parameters  in  the  Merge  Dialog  Box  as 
shown  below. 
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Figure  23.10 


11.  Click  the  OK  button.  The  patches  in  block  have 
different  numbers  of  lines.  After  merging  APT  format 
will  be  violated.  Then  a  warning  about  APT  format 
violation  will  appear  on  your  screen. 

12.  Click  the  Yes  control  button  or  press  Enter.  Then  a  new 
Geometry  of  SKL  format  will  appear  on  your  screen.  The 
sections  of  block  belong  to  one  patch  now.  The  colors 
of  patches  will  be  changed.  (For  more  information  about 
colors  see  Step  2.) 

Figure  23.11 


13. Open  an  existing  file  STEP_23c.APT  that  is  presented 
in  subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 
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Figure  23.12 


14. Select  the  green  patch.  (For  more  information  see 
steps  2-3  of  Step  5.) 

Figure  23.13 


15.  Select  the  red 

1-2  of  Step  7 . ) 


patch . 


(For  more  information  see  steps 
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Figure  23.14 


16. Choose  the  Merge...  command  from  the  Transformations  menu 
again.  Then  the  Merge  Dialog  Box  will  appear  on  your 
screen . 


17. Choose  all  needed  parameters  in  the  Merge  Dialog  Box  as 
shown  below. 


Figure  23.15 


Merge 


How  to  merge 

(*  Sections 
C  Lines 


OK 


Cancel 


Features 

I-  APT  control 
W  [Matching 
r~  Show  double  points 


18. Click  the  OK  control  button.  The  points  of  sections  in 
the  first  and  the  second  patches  have  different 
distributions . 

A  new  Geometry  appears  on  your  screen.  The  sections  of 
block  belong  to  one  patch  now.  The  second  patch  is 
rebroken  in  accordance  with  the  first  one.  The  colors 
of  patches  are  changed.  (For  more  information  about 
colors  see  Step  2 . ) 
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Figure  23.16 


19. Open  an  existing  file  STEP_23d.APT  that  is  presented 
in  subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 


Figure  23.17 


20.  Select  the  red  patch.  (For  more  information  see  steps 

2-3  of  Step  5.) 
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Figure  23.18 


21. Select  the  green  patch.  (For  more  information  see 
steps  1-2  of  Step  7.) 

Figure  23.19 


22.  Choose  the  Merge...  command  from  the  Transformations  menu 
again.  Then  the  Merge  Dialog  Box  will  appear  on  your 
screen . 

23.  Choose  all  needed  parameters  in  the  Merge  Dialog  Box  as 
shown  below. 
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Figure  23.20 


24. Click  the  OK  control  button.  Then  the  number  of 
sections  will  remain  the  same  and  the  number  of  lines 
will  increase.  The  colors  of  patches  will  be  changed. 
(For  more  information  about  colors  see  Step  2.) 

Figure  23.21 
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Step  24.  A  set  of  one-action  transformations  of  block 

0.  Open  an  existing  file  STEP_10.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

Figure  24.1 


1.  Select  the  green  patch.  (For  more  information  see  steps 

2-3  of  Step  5.) 

Figure  24.2 


2.  To  scale  the  block: 

•  Choose  the  Scaling...  command  from  the  Transformations  menu. 
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or 


•  Click  the  following  icon  from  the  right  toolbar: 

Fiaure  24.3 


Then  the  Scaling  Dialog  Box  will  appear  on  your  screen. 


3.  Choose  all  needed  parameters  in  the  Scaling  Dialog  Box  as 
shown  below. 


Y  center 
Z  center 


Scale 


4.  Click  the  OK  control  button.  Then  the 
scaled  and  a  new  Geometry  will  appear  on 


block  will  be 
your  screen. 


Figure  24.5 


5.  To  undo  all  changes: 

•  Choose  the  Patches  -  Undo  command  from  the  Edit  menu. 
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or 

•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  24.6 

Then  old  Geometry  will  appear  on  your  screen  again. 

Figure  24.7 


6.  To  move  the  block: 

•  Choose  the  Move...  command  from  the  Transformations  menu. 

or 

•  Click  the  following  icon  from  the  right  toolbar: 

Figure  24.8 
□  1 

Then  the  Move  Dialog  Box  will  appear  on  your  screen. 

7.  Choose  all  needed  parameters  in  the  Move  Dialog  Box  as 
shown  below. 
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Figure  24.9 


1 2000 


Delta  X 
Delta  Y 
Delta  Z 


2^ 


OK 

Cancel 


8.  Click  the  OK  control  button.  Then  the  block  will  be 
moved  and  a  new  Geometry  will  appear  on  your  screen. 

Figure  24.10 


9.  To  undo  all  changes  choose  the  Patches  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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Figure  24.11 


10.  To  rotate  the  block: 

•  Choose  the  Rotation...  command  from  the  Transformations 

menu . 

or 

•  Click  the  following  icon  from  the  right  toolbar: 

Figure  24.12 


Then  the  Rotation  Dialog  Box  will  appear  on  your  screen. 

11.  Choose  all  needed  parameters  in  the  Rotation  Dialog  Box  as 
shown  below. 

Figure  24.13 
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12. Click  the  OK  control  button.  Then  the  block  will  be 
rotated  and  a  new  Geometry  will  appear  on  your  screen. 

Figure  24.14 


13.  To  undo  all  changes  choose  the  Patches  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  24.15 


14. To  mirror  the  block: 

•  Choose  the  Flip...  command  from  the  Transformations  menu. 

or 
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•  Click  the  following  icon  from  the  right  toolbar: 

Figure  24.16 

M 

Then  the  Flip  Dialog  Box  will  appear  on  your  screen. 


15.  Choose  all  needed  parameters  in  the  Flip  Dialog  Box  as 
shown  below. 


Figure  24.17 


C  X=const  plane 
<*  Y  =const  plane 
C  Z=const  plane 


OK 


Cancel 


X  plane 


Y  plane 


Z  plane 


16.  Click  the  OK  control  button.  Then  the  block  will  be 
mirrored  and  a  new  Geometry  will  appear  on  your  screen. 

Figure  24.18 


17.  To  undo  all  changes  choose  the  Patches  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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Figure  24.19 


18.  To  add  symmetrical  block  to  the  present  one: 

•  Choose  the  Symmetric...  command  from  the  Transformations 

menu . 

or 

•  Click  the  following  icon  from  the  right  toolbar: 

Figure  24.20 

m 

Then  the  Symmetry  Dialog  Box  will  appear  on  your  screen. 

19.  Choose  all  needed  parameters  in  the  Symmetry  Dialog  Box  as 
shown  below. 

Figure  24.21 
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20.  Click  the  OK  control  button.  Then  a  new  Geometry  will 
appear  on  your  screen. 

Figure  24.22 


21.  To  undo  all  changes  choose  the  Patches  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  24.23 


22.  To  halve  the  number  of  points  in  every  section  of 
block : 

•  Choose  the  Knife  command  from  the  Transformations  menu. 

or 
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•  Click  the  following  icon  from  the  right  toolbar: 

Figure  24.24 

0 

Then  a  new  Geometry  will  appear  on  your  screen. 

Figure  24.25 


23.  To  enlarge  the  linear  size  of  the  block  press  right 
mouse  button  and  choose  the  Extrapolate...  command  from  the 
context  menu.  Then  the  Extrapolation  Dialog  Box  will  appear  on 
your  screen. 

24.  Choose  all  needed  parameters  in  the  Extrapolation  Dialog  Box 
as  shown  below. 

Figure  24.26 


25.  Click  the  OK  control  button.  Then  a  new  Geometry  will 
appear  on  your  screen. 
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Figure  24.27 
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Chapter  4.  Section  transforming  (using  right  mouse  menu) 
Step  25.  A  set  of  one-action  transformations  of  section 

0.  Open  an  existing  file  STEP_10.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

Figure  25.1 


1.  Select  a  section.  (For  more  information  see  steps  2-3 

of  Step  11.) 

Figure  25.2 
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2.  To  scale  the  caught  section  press  right  mouse  button 
and  choose  the  Scaling...  command  from  the  context  menu. 
Then  the  Scaling  Dialog  Box  will  appear  on  your  screen. 


3.  Choose  all  needed  parameters  in  the  Scaling  Dialog  Box  as 
shown  below. 


Y  center 
Z  center 


Scale 


4.  Click  the  OK  button.  Then  the  selected  section  will  be 
scaled  and  a  new  Geometry  will  appear  on  your  screen. 

Figure  25.4 


5.  To  undo  all  changes: 

•  Choose  the  Lines  -  Undo  command  from  the  Edit  menu. 

or 
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•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  25.5 

Then  old  Geometry  will  appear  on  your  screen  again. 

Figure  25.6 


*  slep_1 0. apt  -  ProGraph 


File  Edit  Transformations  View  Options  Help 


6.  To  move  the  caught  section  press  right  mouse  button  and 
choose  the  Move...  command  from  the  context  menu.  Then 
the  Move  Dialog  Box  will  appear  on  your  screen. 

7.  Choose  all  needed  parameters  in  the  Move  Dialog  Box  as 
shown  below. 

Figure  25.7 


OK 


Cancel 


Delta  X 


Delta  Y 


Delta  Z 


8.  Click  the  OK  control  button.  Then  the  caught  section 
will  be  moved  and  a  new  Geometry  will  appear  on  your 
screen . 
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Figure  25.8 


9.  To  undo  all  changes  choose  the  Lines  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  25.9 


10.  To  rotate  selected  section  press  right  mouse  button 
and  choose  the  Rotation...  command  from  the  context  menu. 
Then  the  Rotation  Dialog  Box  will  appear  on  your  screen. 

11.  Choose  all  needed  parameters  in  the  Rotation  Dialog  Box  as 
shown  below. 
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Figure  25.10 


Rotation 


Rotation  around  axis  (points  1  &  2) 


2<J 


OK 


Cancel 


X, 

F 

h 

VI 

1° 

1° 

z, 

1° 

1° 

Angle  of  rotation 


X  2 
Y  2 
Z  2 


12. Click  the  OK  control  button.  Then  selected  section 
will  be  rotated  and  a  new  Geometry  will  appear  on  your 
screen . 

Figure  25.11 


13.  To  undo  all  changes  choose  the  Lines  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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14.  To  mirror  selected  section  press  right  mouse  button 
and  choose  the  Flip...  command  from  the  context  menu.  Then 
the  Flip  Dialog  Box  will  appear  on  your  screen. 


15. Enter  all  necessary  parameters  in  the  Flip  Dialog  Box  as 
shown  below. 


Figure  25.13 


C  X=const  plane 
C  Y=const  plane 
(*  Z=const  plane 


OK 


Cancel 


X  plane 


Y  plane 


Z  plane 


16. Click  the  OK  button.  Then  selected  section  will  be 
mirrored  and  a  new  Geometry  will  appear  on  your  screen. 
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Figure  25.14 


17.  To  undo  all  changes  choose  the  Lines  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  25.15 


18.  To  add  symmetrical  section  to  the  caught  one  press 
right  mouse  button  and  choose  the  Symmetric...  command 
from  the  context  menu.  Then  the  Symmetry  Dialog  Box  will 
appear  on  your  screen. 

19.  Enter  all  required  parameters  in  the  Symmetry  Dialog  Box  as 
shown  below. 


283 


ProGraph 


User's  GUIDE 


Figure  25.16 


Symmetry 


r  X=const  plane 
Y=const  plane 
(*  Z=const  plane 


OK 

Cancel 


X  plane 


Y  plane 
Z  plane 


20.  Click  the  OK  button.  Then  a  new  Geometry  will  appear 
on  your  screen. 

Note.  APT  format  of  opened  file  is  violated. 

Figure  25.17 


21.  To  undo  all  changes  choose  the  Lines  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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22.  To  move  selected  section  using  linear  interpolation 
press  right  mouse  button  and  choose  the  Interpolate... 
command  from  the  context  menu.  Then  the  Interpolate  Dialog  Box 
will  appear  on  your  screen. 

23.  Enter  all  required  parameters  in  the  Interpolate  Dialog  Box 
as  shown  below. 

Figure  25.19 


24. Click  the  OK  button  and  selected  section  will  be  moved 
to  the  next  one  and  a  new  Geometry  will  appear  on  your 
screen . 
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Figure  25.20 


25.  To  undo  all  changes  choose  the  Lines  -  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 

Figure  25.21 


26. To  prescribe  a  definite  value  for  coordinate  (X,  Y  or 
Z)  of  all  the  points  included  in  the  selected  section 
press  right  mouse  button  and  choose  the  Prescribe... 
command  from  the  context  menu.  Then  the  Prescribe  Dialog  Box 
will  appear  on  your  screen. 
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27.  Choose  all  required  parameters  in  the  Prescribe  Dialog  Box 
as  shown  below. 

Figure  25.22 


28. Click  the  OK  control  button.  Then  selected  section 
will  be  moved  to  the  next  one  and  a  new  Geometry  will 
appear  on  your  screen. 

Figure  25.23 


2  9.  To  undo  all  changes  choose  the  Lines  ~  Undo  command  from 
the  Edit  menu.  Then  old  Geometry  will  appear  on  your 
screen  again. 
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30. To  halve  the  number  of  points  in  the  selected  section 
press  right  mouse  button  and  choose  the  Knife  command 
from  the  context  menu.  Then  a  new  Geometry  will  appear 
on  your  screen. 

Note.  APT  format  of  opened  file  is  violated. 

Figure  25.25 


288 


ProGraph 


User's  GUIDE 


Step  26.  A  set  of  one-action  transformations  of  section  part 

0.  Open  an  existing  file  STEP_10.APT  that  is  presented  in 
subfolder  SAMPLES  of  the  current  folder.  (For  more 
information  see  steps  1-2  of  Step  2.) 

Figure  26.1 


1.  Select  a  section.  (For  more  information  see  steps  2-3 

of  Step  11.) 

Figure  26.2 


2.  Choose  a  point  of  selected  patch.  (For  more  information 
see  steps  2-3  of  Step  18.) 
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Figure  26.3 


3.  To  diminish  the  number  of  points  in  the  selected 
section  press  right  mouse  button  and  choose  the  Knife 
command  from  the  context  menu.  Then  the  new  Geometry 
will  contain  only  the  points  from  the  first  one  up  to 
caught  one . 

Note.  APT  format  of  opened  file  is  violated. 

Figure  26.4 


4.  To  undo  all  changes: 

•  Choose  the  Patches  ~  Undo  command  from  the  Edit  menu. 

or 
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•  Click  the  following  icon  from  the  upper  toolbar: 

Figure  26.5 

Then  old  Geometry  will  appear  on  your  screen  again. 

Figure  26.6 


5.  To  copy  a  part  of  selected  section  to  Clipboard  press 
right  mouse  button  and  choose  the  Copy  part  command  from 
the  context  menu.  Then  the  section  part  from  the  first 
point  up  to  the  chosen  point  will  be  copied  to 
Clipboard.  It  may  be  placed  at  any  position. 

6.  To  return  to  the  regime  of  section  editing  press  right 
mouse  button  and  choose  the  Exit  command  from  context 
menu . 
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Figure  26.7 


7.  To  select  another  section  press  right  mouse  button, 
choose  the  Next  Section  (Line)  command  from  the  context  menu 
and  select  necessary  section.  (For  more  information  see 
steps  2-3  of  Step  11.) 

Figure  26.2 


8.  To  place  a  copy  of  the  Clipboard  contents  to  the  end  of 
the  caught  section  press  right  mouse  button  and  choose 
the  Merge  command  from  the  context  menu.  Then  a  new 
Geometry  will  appear  on  your  screen. 

Note.  APT  format  of  opened  file  is  violated. 
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Figure  26.8 
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